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During the 1994-1995 growing seasons, fertilizer composed of nitrogen and 
phosphorus was applied to Grayson Lake, Kentucky in an attempt to increase 
largemouth bass (Micropterus salmoides) production. This fertilization did not result 
in any significant increases in nutrient concentrations, algal growth, or zooplankton 
growth. During the 1996 and 1997 growing seasons, an inorganic tobacco fertilizer 
with a higher phosphorus content was applied to a single embayment in Grayson 
Lake at twice the rate of the previous studies, in the hopes that it would increase the 
survival of young-of-year bass. Concentrations of alkalinity, soluble reactive 
phosphorus, and chlorophyll a were significantly higher within the fertilized 
embayments during both growing seasons when compared to a control embayment 
that was not fertilized. Total phosphorus and ammonia concentrations were 
significantly higher during the 1997 growing season. While phytoplankton numbers 
were nearly double within the fertilized embayment, there was little difference in 
community structure between the control and fertilized embayments during the 1996 
growing season. There were no differences in zooplankton numbers or community 
structure between embayments during the 1996 growing season. Since fertilization did 
not result in increased zooplankton numbers, but did result in increased photic zone 
anoxia, fisheries biologists should be cautioned on using this technique to increase 
sports fish production in Southern reservoirs. 
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1. INTRODUCTION 
Historically, resource managers have attempted to increase fish production 
using various techniques--including stocking, harvestable size restrictions, and 
fertilization. It has been reported that freshwater fisheries require high amounts of the 
available primary production when compared with other fisheries (Pauly and 
Christensen 1995). To increase this primary productivity, fertilization schemes have 
been proposed to increase phytoplankton levels which would lead to subsequent 
increases in zooplanlcton, which would provide the food to support fish production. 
In Kentucky, reservoir fertilization is usually accomplished by applying 
commercial liquid tobacco fertilizer, having a ratio of nitrogen (9), phosphorus (18}, 
and potassium (9), between May and June at the rate of 1 gallon per acre per week as 
long as algal turbidity, as determined by Secchi depth, is greater than 1 foot. Despite 
the possible adverse effects of eutrophication, Kentucky reservoirs are fertilized based 
on two rationales: 1) the reservoirs with the highest sports fish populations have 
traditionally been fertilized; and 2} increased trophic status correlates directly to 
increases in game fish abundance. No data exist for pre-fertilization versus post 
fertilization fish population in Kentucky. 
There have been numerous experiments performed on oligotrophic freshwater 
systems in an attempt to increase fish production ( e.g. Hyatt and Stockner 1985, 
Johnston et al. 1990, Deegan and Peterson 1992), or to study the effects of increased 
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productivity on the system (e.g. Schindler et al 1973, Stockner and Shortreed 1985, 
Perrin et al. 1987). However, no studies have examined the effect of fertilization on 
larger reservoirs because their volume makes nutrient increases difficult to attain. 
Because of a lack of controlled studies, the focus of this research was to test 
the effectiveness offertilization in a Kentucky reservoir. Nutrient levels were 
manipulated in Grayson Lake, an eastern Kentucky reservoir that has high angler 
dissatisfaction with largemouth bass production (Micropterus salmoides), a popular 
sport fish. In the previous two years (1994-1995) high nitrogen:phosphorus inorganic 
fertilizer was added to Grayson Lake by KY Department of Fish and Wildlife 
personnel in the hopes that it would increase primary production. This fertilization 
scheme did not result in any significant changes in primary production, or water quality 
(Crawford 1995, Spier 1995). In 1996 and 1997, a tobacco fertilizer containing 
nitrogen (N), phosphorus (P), and potassium (K) was applied. Fertilization should 
result in increases in primary production which should then lead to increases in 
secondary production, followed by increases in young of year (YOY) bass survival in 
a bottom-up fashion. YOY bass survivability is correlated with energy intake, and 
growth (Keast and Eadie 1985). The amount of zooplankton eaten in the first two 
weeks after rising from the nest was related to amount of growth (Kramer and Smith 
1960). YOY bass that had high growth rates during this period were able to become 
piscivorous earlier, which led to increased energy intake during the growing season 
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(Keast and Eadie 1985). Buynak has determined that YOY bass will not survive in 
Kentucky reservoirs over winter if they have not attained a size of at least three inches 
(Bunyak, personal conununication). 
The objectives of this study are to see if fertilization results in: 1) increases in 
primary production ( as measured by chlorophyll a concentrations); 2) increases in 
secondary production (as measured by zooplankton numbers); 3) changes in plankton 
abundance and/or conununity structure; and 4) adverse effects on water quality. 
This information will be used to help suggest future reservoir management 
options in the Conunonwealth of Kentucky. 
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2. Literature Review 
2.1 Bottom-up vs. Top Down 
The practice of"bottom-up" manipulation to increase fish production is driven 
by the concept that productivity of lower trophic levels drives the productivity of all 
subsequent trophic levels of the ecosystem. Resources are believed to have primacy in 
controlling productivity because organisms at each trophic level are food limited; thus 
increases at lower trophic levels will transmit into increases in biomass at higher 
trophic levels (Power 1992). An alternative hypothesis is that top down forces, 
predators, have primacy in controlling ecosystem productivity (Carpenter and Kitchell 
1988). Changes in predator biomass transmits down to lower trophic levels through 
cascading trophic interactions, thus influencing productivity (Carpenter et al. 1985). 
According to this "top down" hypothesis, increased piscivore biomass will result in 
decreased planktivores, increased herbivores, and decreased phytoplankton biomass 
(Carpenter et al. 1985). Nutrient cycling by fish and zooplankton can also impact 
availability of nutrients to phytoplankton (Perez-Fuentetaja et al. 1996). However, 
Matveev (1995) found that bottom up forces impacted the food web of a subtropical 
lake greater in the spring, and that top down predation influenced the food web later in 
the season. Power (1992) in a review, suggested that bottom-up forces have primacy 
in controlling productivity of an ecosystem. 
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2.2 Limiting Nntrients and Resonrce Ratios 
Since bottom up forces have primacy in controlling ecosystem productivity, 
increasing lower trophic level productivity should increase productivity of higher 
trophic levels. Increasing sport fish productivity is a goal of many fisheries biologists, 
thus increasing primary productivity within lakes would be a viable strategy to increase 
sport fish biomass. Phytoplankton of temperate freshwater systems have been shown 
to be phosphorous (P) limited (Schindler et al. 1973), while tropical freshwater lakes 
tend to be nitrogen (N) limited (Cowell and Dawes 1991). Schindler et al. (1973), 
determined that phosphorus was the primary limiting nutrient, and nitrogen the 
secondary limiting nutrient in temperate freshwater lakes. Since Kentucky is in a 
temperate region, lakes of the region should be primarily phosphorus limited. 
In addition to N and P, other nutrients can become limiting to phytoplankton. 
For example, Chrysophyte phytoplankton have an additional limiting nutrient in that 
they have an absolute requirement for silicon (Hecky and Kilham I 988). The ratio of 
limiting nutrients (N, P, Si) has been shown to be important to production, and 
composition of algal assemblages (Suttle and Harrison I 988). Certain micronutrients 
can become secondary limiting nutrients as well. Chang et al. ( I 992) found a 
secondary iron limitation once the P limitation was overcome in Lake Tahoe. 
Additions of fertilizer containing inorganic N and P have been shown to 
increase algal growth in freshwater lakes and rivers (Elser et al. 1990; see Table 1). 
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Smith ( 1979) reviewed data from northern temperate lakes and found that 
photosynthetic rates were primarily determined by nutrient content of the water, and 
that the lakes responded similarly to enrichment despite their differences in 
transparency, mean depth, volume, and other factors. Phytoplankton populations have 
specific nutritional requirements; therefore, responses to enrichment are species 
specific (Hecky and Kilham 1988). Fertilization oflake enclosures resulted in a 
significant increase in growth of Chlorophyte phytoplankton over other groups (Proulx 
et al. 1996). Watson et al. (1997) found a relationship between total phosphorus (TP) 
levels and biomass of different phytoplankton taxonomic groups. They found that 
Cyanobacteria and Bacillariophyceae increased greatly with increases in TP, while 
Chlorophyta increased gradually and other groups (Cryptophyta, Dinophyta, and 
Chrysophyceae) had regions of increase and decrease with increasing TP levels. 
Another factor that determines phytoplankton community response to 
fertilization is the N to P ratio of the fertilizer. Smith (1979), analyzed data from 17 
lakes and found that blue-green algae were dominant in lakes with low epilimnetic N:P 
ratios, and were rare when N:P ratios were high. Stockner and Shortreed (1988) found 
that when fertilizer N:P ratios were low blue green algal blooms occurred, possibly 
because of their nitrogen fixing capabilities, and were replaced by green algae at higher 
N:P ratios. This is a very important aspect of enrichment because some zooplankton 
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find certain blue green algal indigestible--thus increased primary production may not 
translate into higher level trophic production (Schindler et al. 1973). 
2.3 Bottom-up Increases of Zooplankton and Fish 
Increases in phytoplankton biomass should result in an increase in zooplankton 
biomass (McCauley and Kalff 1981 ). Several nutrient enrichment experiments have 
resulted in increases in secondary production by zooplankton (Hyatt and Stockner 
1985, Luecke et al. 1996; see Table 1), and benthic invertebrates (Johnston et al. 
1990). Phytoplankton production has also been found to be closely correlated with fish 
production (Downing et al. 1990). 
First year recruitment of Micropterus salmoides in southern systems is 
dependent on lipid reserves, ontogenetic shift to piscivory, and size ofYOY bass 
(Ludsin and De Vries 1997). Since Johnson (1990) found that increases in primary and 
secondary production resulted in increased prey items for YOY fish, fertilization 
should increase survival ofYOY bass in Kentucky lakes. Increases in prey items 
should result in an increase in lipid storage for adult fish, and increases in length and 
weight in YOY fish (Deegan and Peterson 1992; see Table 1 ). These increases in 
weight, lipid storage, and length are important for increasing fish production. 
Increased neutral lipid storage in arctic gray lings ( Thymallus arcticus) is believed to 
increase over winter survival due to increased energy storage (Deegan and Peterson 
1992). Fertilization ofBritish Columbian coastal lakes resulted in increased sockeye 
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salmon (Oncorhynchus nerka) smolt size, which is believed to· be correlated with 
increased survival rates of adults returning from the sea (Hyatt and Stockner 1985). 
Sports fish numbers and weight were higher during the fertilization of Dewey Lake, an 
eastern Kentucky reservoir (Laflin 1981 ). Based on these findings we hypothesize that 
fish conditions important for survival can be increased through bottom up 
manipulation of Kentucky reservoirs by additions ofN and P (Hyatt and Stockner 
1985, Johnston et al. 1990, Deegan and Peterson 1992). 
2.4 Possible Adverse Effects of Lake Fertilization 
Increases in primary production through fertilization could lead to decreased 
water quality due to eutrophic conditions. For example, increased nutrient loading can 
lead to a reduced photic zone depth due to increased algal concentrations (Smith 
1979), increases in "nuisance" cyanobacteria blooms (Stockner and Shortreed 1988), 
and an increased hypolimnion oxygen deficit (Ohle 1956). 
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Table I. Comparison of enrichment experiments from different ecosystems. 
Site Fertilization Results Authors 
Scheme 
Dundee Fish Alfalfa meal 17% Chlorophyll a 13.4 µgL·' Barkoh 1996 
Hatchery, TX protien PO4-P 25µgL"
1 
(ponds) TIN 148.7 µgL·' 
Fingerling bass survival 86.7% 
30µgL"1 P 210µgL" 1 N Chlorophyll a 20.7µgL·' 
PO4-P 75.2 µgL·' 
TIN 795 µgL· 1 
Fingerling bass survival 53.1% 
20µgL· 1 P 300µgL"1 N Chlorophyll a 21.9 µgL·' 
PO4-P 52.0 µgL"
1 
TIN 177.6 µgL·' 
Fingerling bass survival 36.4% 
Kuparuk 10 µgL"' p 10 fold increase in SRP Deegan et al. 
River, AK 5 fold increase in Chlorophyll a 1997 
10 µgL·' P 100 µgL·' N Mean weight adult grayling Deegan and 
24g (control) Peterson 1992 
55g (fertilized) 
Neutral lipid storage doubled 
1.3 to 1.9-fold increase in mean YOY 
grayling weight 
Sawtooth 5 µgL·' P 150 µgL·' N 160% increase in chlorophyll a Luecke et al. 
Valley Lakes, 222% increase in zooplankton biomass 1996 
ID 20% increase in kokanee growth rate 
(limnocorrals) 
British 2.5 to 14.8 mgPm"2wk"1 2.1-fold increase in chlorophyll a Hyatt and 
Columbia 1.6-fold increase in zooplankton biomass Stockner 1988 
Coastal Lakes 69% heavier sockeye salmon smolt 
Dewey Lake, 16.7 lbs acre' 4.4-fold increase in harvestable panfish Laflin 1981 
KY (reservoir) diammonium 8.6-fold increase in harvestable channel 
phosphate (21-53-0) catfish 
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3. Materials and Methods 
3.1. Site Description 
Grayson Lake is a reservoir located on the Little Sandy River in Northeastern 
Kentucky (Fig. 1 ). Completed in 1968, Grayson Lake was constructed by the United 
States Army Corps of Engineers for the purpose of flood control. Grayson Lake is a 
narrow reservoir that is surrounded by steep canyon-like walls. The lake has an 
average depth of6.00 m, with a maximum depth of 18.29 mat summer pool (COE 
1987; see Table 2). Summer pool elevation is 196.59 m above mean sea level, during 
which time the reservoir has a surface area of 6.11 km2, and a net volume of 
13,138,044 m
3
• Pool length during summer pool is 31.70 km with a shoreline length of 
119.39 km, and a shoreline development index of 13.63. Grayson Lake drains portions 
of Carter, Elliot, and Rowan Counties with a total drainage area of 507.64 km2. The 
watershed area consists of secondgrowth forest ( 62% ), agricultural areas (3 6% ), and 
makes up approximately 27% of the Little Sandy River drainage system. Total 
precipitation during the 1996, and 1997 study periods averaged 2.92 cm, and 2.62cm 
per week respectively (Table 3, Figure 2). Weekly discharge averaged 9.47 x 106 m3, 




for the 1996 and 1997 study periods respectively. Retention time for 
water within Grayson Lake averages 73.4 days (Kornman 1990). 
Constructed within the Kanawha Section of the Appalachian Plateau, the 
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Figure 2. Weekly discharge and precipitation for Grayson Lake, Ky. 
Discharge data from C.O.E, precipitation data from U.K.A.W.C. 
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drainage area of Grayson Lake is made up of steep slopes with serrated ridges. These 
conditions result in a watershed area that drains quickly. The reservoir itself is located 
Table 2. Grayson Lake Morphometric Data.(C.O.E. 1987) 
Watershed Area 















within a deep gorge of steep sandstone cliff walls, that develop into gentler slopes near 
the dam. Sandstones, and shales of the Mississippian, and Pennsylvanian Periods make 
up the rock strata of the drainage area. Coals, and limestones comprise some of the 
rock strata as well. It is also believed that the water quality of Grayson Lake drainage 
area has been impacted by surface coal mine activity in the Lee and Brethitt formations 
(Korrnnan 1990), and possibly from gas and oil well activity in the western part of the 
Martha Oil fields (COE 1987). 
Four different sites within two separate embayments were sampled in this 
study. Bruin I, and Bruin 2 sites were located within Bruin Creek embayment, which 
was the fertilized embayment. Bruin Creek embayment is located in the western part of 
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the lake. Bruin 1 site is located at the mouth of the embayment next to the main 
channel of the reservoir, and Bruin 2 site was located further back into the 
embayment. Deer Creek embayment was used as the control site, and is located in the 
eastern part of the reservoir adjacent to the dam. Deer 1 site was closer to the dam 
Table 3. Mean weekly discharge and precipitation rates during the 1993-1997 growing 
seasons. 
Variable 1993 1994 1995 1996 1997 
Preciptation 2.47 2.57 2.49 2.92 2.62 
(cm week"1) 
Discharge 5.41 X 106• 6.94 X 106 5.9x 106 9.47 X 106• 7.83 X 106• 
(m3 week-1) 
* 1996 and 1997 discharges were significantly higher than 1993 (T-test, p< .05) 
Precipitation data from University of Kentucky Agricultural Weather Center. 
Discharge data from U.S. Army Corps. of Engineers. 
while Deer 2 site was located further into the embayment. Deer Creek embayment 
was chosen because it was far enough away to ensure it would not receive any 
fertilizer, and it was similar in size and morphology to Bruin Creek embayment. 
3.2. Fertilization 
In 1994 and 1995 approximately 400 acres of Grayson Lake were fertilized. 
The areas fertilized included all of Bruin embayment, and from Little Gimlet creek to a 
point 6 km downstream on the main channel (Spier 1995). Liquid tobacco fertilizer 
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consisting ofNitrogen:Phosphorus:Potassium in a ratio of 9: 18:9 was applied to the 
Bruin Creek embayment during the 1996 and 1997 growing seasons. Fertilizer 
was misted onto the surface of the reservoir at varying concentrations by Kentucky 
Department ofFish and Wildlife personnel on 7 dates between 19 April and 12 June, 
1996 and 1997 (Table 4. and Table 5.). Mean application rates were 2.36 gal acre-1 for 
1996 and 1997 (Table 6). 
Table 4. Fertilization schedule for 1996 
and 1997 growing seasons. 
(Buynak personal communication). 
Dates gallons 
Applied acre-1 
April 19 2.0 




June 12 2.0 
Total 16.5 
Mean Total 2.36 
3.3. Field Sampling Methods 
Table 5. Molar compostion of fertilizer 
during the 1994-1997 growing seasons. 
(Buynak personal communication). 
Year Molar ratio amount 
N-P-K gal week-1 
1994 8.3-1-0 372 
1995 23-0-0 400 
1995 0-20-20 100 
1996 9-18-9 100 
1997 9-18-9 100 
Sampling took place once a week from 29 March to 25 July, 1996 and from 2 
April to 30 June, 1997. Secchi disk (Zsn) measurements were taken to determine 
photic zone using a 20 centimeter diameter disk with black and white quadrants 
(Beeton 1958). Photic zone depth was then determined by calculating 2.7 * Zsn. Water 
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samples were collected using a 2 L Van Dorn sampler at half meter inteivals from the 
surface to the bottom of the photic zone. From each inteival 500 ml was mixed in an 
acid washed bucket to form a mixed photic zone sample. From this mixed photic zone 
sample, 500 ml was collected for whole water analysis into an acid washed sample 
bottle. A I 00 ml sub-sample of the mixed photic zone was filtered through 
precombusted Whattman GFA 0.45 micron glass fiber filters for chlorophyll a analysis. 
The glass fiber filters were placed in plastic centrifuge tubes, wrapped in aluminum 
foil. The filtered water was kept for soluble reactive phosphorous (SRP), ammonia 
(NHi), nitrate (N03), and nitrite (N02) analysis. All samples were kept in darkness, 
and at< 4° C, until return to the lab. 
Table 6. Comparison of fertilization regimes, and sites fertilized for Grayson Lake. 
(Buynak personal communication). 
Year dates applied sites acres week·1 mean gal gallons 
fertilized fertilized week·1 acre·1 
1994 April 14- Mid Lake 372 297.6 0.8 
June 16 Bruin 
1995 April 21- Mid Lake 400 385.7 0.96 
June 7 Bruin 
1996 April 19- Bruin 100 235.7 2.36 
June 12 
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Phytoplankton were collected by taking a 500 ml sample from the mixed photic 
zone sample during the 1996 study. Zooplankton were collected by a 30 L Schindler-
Patalis trap with a mesh size of 63 µm from the bottom and middle of the photic zone. 
Because the trap was nearly 1 meter long, this sampled nearly the entire photic zone. 
During the 1997 study phytoplankton and zooplankton were collected by a smaller 
12L Schindler-Patalis trap with a 20 µm mesh size. Samples were taken from the top, 
middle, and bottom of the photic zone to insure all vertical migrations were accounted 
for. Phytoplankton and zooplankton were kept in the dark and at < 4° C until return to 
the lab. In the lab, they were fixed by 4% buffered formalin (Wetzel and Likens 1992). 
Temperature, pH, dissolved oxygen, and conductivity measurements were 
taken at 1 m intervals throughout the water column with a calibrated multiparameter 
Hydrolab™ electronic probe. All probes were calibrated monthly during the study 
period according to required Hydrolab™ specifications (Hydrolab Co. 1995). 
3.4. Laboratory Procedures 
Water, nutrient, and chlorophyll a analyses were performed within 24 hours of 
sampling. Filtered water samples were tested for soluble reactive phosphorus using the 
ascorbic acid method (Murphy and Riley 1962), and whole water samples for total 
phosphorus by digesting with H2SO4 and ammonium persulfate (Hach 1994). Filtered 
water was tested for ammonia by using the Nesslerization technique (Jenkins 1967), 
nitrate using the sulfanilamide method after cadmium reduction (Henrikson and 
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Selmer-Olsen 1970), and nitrite by the sulfanilamide method (Barnes and Folkard 
1951). Whole water samples were analyzed for iron by the phenanthroline method 
(Mehlig and Hulett 1942). Alkalinity was determined by titrating a 50 ml whole water 
sample with 0.02 M sulfuric acid to a pH of 5, using bromcresol green-methyl red as 
an indicator (Larson and Henley 1955). The desiccated glass fiber filters were 
macerated with a 90% buffered acetone extraction solution, frozen for approximately 
12 hours, then centrifuged for 10 minutes to remove filter material. The filterless 
sample was then measured fluorometrically for chlorophyll a using a Turner model 10 
AU fluorometer (Turner Inst. Co. Sunnyvale, CA). 
Phytoplankton from the 1996 study were preserved with Lugols' iodine, and 
allowed to settle in covered settlement chambers for approximately 1 week. Then the 
sample was siphoned off to approximately 50 ml, which was stored at< 4° C until it 
could be analyzed at a later date (Wetzel and Likens 1991 ). Phytoplankton were 
enumerated by pipeting a 0.1 ml sample onto a Palmer-Maloney counting cell, then all 
organisms were counted and identified to the lowest possible taxonomic level using a 
Nikon microscope equipped with Hoffinan Modulation Contrast (Wetzel and Likens 
1991). Zooplankton from the 1996 study were fixed with a 10% formalin solution, and 
stored at < 4° C until the samples could be analyzed at a later date. Zooplankton were 
enumerated by using a Hansen-Stempel pipet to add a 1 ml subsample unto a 
Sedgewick-Rafter cell, and identifying all organisms to the lowest possible taxonomic 
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level using a Swift light microscope (Wetzel and Likens 1991). Taxonomic 
identification was determined for phytoplankton by using Prescott (1978), and for 
zooplankton by using Pennak (1989). 
3.5. Statistics 
We tested for skewness and kurtosis to determine if the data was normally 
distributed. Differences in means were determined using a student's t-test on normally 
distributed data, or a Mann-Whitney test when data was nonparametric (Zar 1984). 
Because there was no difference between Bruin I and Bruin 2, or Deer 1 and Deer 2 
these data were pooled as duplicate samples to obtain means. All statistical analysis 





Precipitation was not significantly different from one growing season to the 
next during the study growing seasons (Table 3). Precipitation was slightly higher in 
1996 (mean=2.92 cm week-1), than during the 1997 (mean=2.62 cm week-1) growing 
season, but both years received more rainfall than any of the previously measured 
growing seasons. The greatest amount of precipitation during the 1996 growing 
season fell on 16 May (5.28 cm), compared to the 1997 growing season where an 
early storm event deposited 7.98 cm on 2 March. This storm event in 1997 was 
followed by the largest discharge of the growing season on 8 March ( daily mean=2699 
ft3s"1). Total discharge during the 1996 and 1997 growing seasons were significantly 
higher than during the 1993 growing season, when no fertilizer was added (Table 3). 
4.2. Nutrients 
Soluble reactive phosphorous concentrations were significantly higher in Bruin 
embayment than in the control embayment during the 1996 growing seasons (Table 7; 
Fig. 3). Mean soluble reactive phosphorus (SRP) concentrations increased by a factor 
of6 during the 1996 growing season, and 1.6-fold during the 1997 growing season 
over the mean SRP concentrations for the co"ntrol embayments (Table 7). 
Interestingly, SRP levels were significantly higher only during the period in which 
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Figure 3. Mean a) Soluble Reactive Phosphorus (SRP), and b) Total 
Phosphorus concentrations for Bruin and Deer Creek Embayments during 
the 1996 and 1997 growing seasons. Error bars represent one standard 
deviation. (* p<0.05). 
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Table 7. Comparison of water quality variables for a fertilized (Bruin) and unfertilized 
(Deer) embayments in Grayson Lake KY. Standard deviations in parenthesis. 
Variable 
Alkalinity (mg CaCO3 L"
1
) 
Secchi Depth (m) 
SRP (µgL" 1) 
TP (µg L"1) 
N03. (µg L"1) 
N02" (µg L"1) 
NHi(µgL" 1) 
Chlorophyll a (µg L"1) 
Phytoplankton ( cells m1"1) 




21(4.2) 17(2.1) .0001 
1.12(0.3) 1.35(0.3) .015 
29(37) 5(5) .0001' 
160(124) 126(108) .159 
445(167) 474(158) .473 
5(5) 4(1) .193' 
116(58) 102(55) .309' 
10.4(6.4) 6.5(3.6) .014' 
807(730) 396(265) .05 
633(502) 663(443 .398 
* indicates Mann-Whitney test, all others student t-test. 




25(2.9) 21(2.3) .001 
_1.09(0.4) 1.44(0.5) .014 
34(21) 21(14) .018 
67(35) 40(26) .018 
202(213) 195(182) .903 
5(2) 6(1) .274 
98(46) 68(58) .026•·· 
10.4(6.2) 5.6(2.5) .002 
N\A N\A N\A 
N\A N\A N\A 
there were no significant differences in total phosphorous concentrations between the 
fertilized (mean= 160 µg L"1) and control (mean= 126 µg L"1) embayments in 1996, 
Bruin did have significantly higher TP levels in 1997 (Table 7; Fig. 3). Like SRP 
levels, TP was significantly higher only during the fertilization period (Fig. 6). Neither 
nitrate nor nitrite levels were significantly different between embayments for either 
year. Nitrate mean concentrations were slightly lower in Bruin (mean=445µgL" 1) than 
the control (mean=474µgL" 1) during the 1996 growing season, but this was not 
significant (Table 7; Figs. 7 & 8). During 1997, nitrate concentrations followed the 
same trend, only concentrations were about half what was measured in 1996 between 
Bruin (mean=202µgL"1) and the control embayment (mean=195µgL-1). Of the forms of 
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Figure 4. Soluble Reactive Phosphorus (SRP) and Chlorophyll a 
concentrations for Bruin and Deer Creek embayments during the 
1996 growing season. Arrows indicate start and finish of fertilization. 
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Figure 5. Soluble Reactive Phosphorus (SRP) and Chlorophyll a 
concentrations for Bruin and Deer Creek embayments during the 
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Figure. 6. Total P concentrations for Bruin and Deer Creek embayments 
for 1996 and 1997 growing seasons. Arrows indicate start and end of 
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Figure 7. Mean a) Nitrate, b) Nitrite, and c)Ammonia concentrations for Bruin 
and Deer Creek embayments during the 1996 and 1997 growing seasons. 
Error bars represent one standard deviation. (* p<0.05). 
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nitrogen tested, only ammonia showed any increase within the fert ilized embayment, 
and that was only during the 1997 study (Table 7; Fig. 8) and not during 1996 
Although ammonia concentrations were greater in 1996, during 1997 the average 
concentrations of ammonia for Bruin were simi lar-- 116 µg L-1 and 98 ~Lg L-1, and 
means for the control embayment were I 02 µg L·1 and 68 µg L-\ for 1996 and 1997 
respectively (Table 7; Fig. 7). Nitrate concentrations being higher than ammonia in the 
photic zone suggest anoxia was not a problem during the growing season. 
4.3. Other Variables 
Alkalinity was significantly higher in the Bruin embayment (means = 21 and 25 
mg CaCO-~ L.1) than the control embayment (means= 17 and 21 mg CaC0-3 L-1) for 
both study periods (Table 7, Fig. 9). However there was no significant difference prior 
to fertilizat ion, only during and after fertilization was there a significant difference in 
alkalinity (Fig. 10). Similarly, mean Secchi disk depths were significantly shallower in 
the fertilized embayment for both years (Table 7, Fig 9), but there was no significant 
difference prior to fertilization (Fig. l I). Secchi disk depths reaQhed a maximum depth 
.., 
of only I 56 m and I. 77 m for Bruin embayment, compared with depths of 2.22 m 
and 2 25 m for Deer Creek in 1996 and 1997 respectively. Anox.ic conditions, as 
determined by there being less than 2 mgL·1 of dissolved oxygen, reached farther up 
into the photic zone within the ferti lized embayments during both growing seasons. 
During the 1996 growing season anoxic conditions occurred more often than the 1997 
growing season, and occurred up to a depth of three meters within Bruin on 2 July, 
27 
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Figure 8. Total Inorganic Nitrogen (TIN) concentrations in Bruin and 
Deer Creek embayments during the 1996 and 1997 growing 
seasons. Arrows indicate start and finish of fertilization. Differences 
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Figure 9. Mean a) Secchi disk depth, b) alkalinity, and c) chlorophyll a 
concentrations for Bruin and Deer Creek embayments during the 1996 
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Figure 10. Alkalinity concentrations for Bruin and Deer Creek embyaments for the 1996 
and 1997 growing seasons. Arrows indicate start and end of fertilization. 
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and a depth of four meters on 26 July in the Deer Creek embayment. The shallowest 
depth that anoxic conditions occurred for both embayments occurred on 27 June 
during the 1997 growing season, with a depth of six meters for Bruin, and eight meters 
for Deer Creek. During the 1996 growing season anoxia occurred first at Bruin on 31 
May, then a week later at Deer on 13 June. These conditions persisted throughout the 
remainder of the study period which ended on 27 July. During the 1997 study period 
anoxic conditions occurred within Deer Creek embayment first on 6 June, and 
persisted throughout the study period which ended on 27 June. Anoxic conditions did 
not occur within Bruin embayment during the 1997 study period until the last sampling 
date (27 June). 
4.4. Production 
Primary production, determined by chlorophyll a levels, was significantly 
higher in Bruin embayment for both 1996, and 1997 (Table 7; Figs. 4-5). Chlorophyll 
a levels ranged from 1 to 25 µgL-1 (mean=l0.4 µg L-1) for Bruin, and from 1 to 16 µg 
L-1 (mean=6.5µg L-1) for Deer Creek in 1996 (Table 7; Fig. 17). During the 1997 
study Deer Creek had a mean chlorophyll a concentration of 5.6 µg L-1, compared to 
10.4 µg L-1 for Bruin in 1997 (Table 7). Phytoplankton numbers were significantly 
higher in the fertilized embayment for 1996 with Bruin having nearly double the cells 
mr' of the control embayment (Table 7). Zooplankton did not follow this trend, since 
there was no significant difference in the numbers of zooplankton between the 
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Figure 11. Sacchi disk depths for Bruin and Deer Creek embayments for 
1996 and 1997 growing seasons. Arrows indicate start and end of 
fertilization. 
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zooplankters L"1) than Bruin Creek (mean=633 zooplankters L·1). There was no 
significant difference in total zooplankton numbers between embayments during the 
1995 growing season. 
4.5. Assemblages 
4.5.1. Phytoplankton 
Representatives from seven different classes of phytoplankton were found at 
both embayments of Grayson Lake for 1996. While the populations of phytoplankton 
Table 8. 1996 Phytoplankton genera found exclusively within the 

























were dynamic, members of the class Chlorophyceae, or Green algae, were dominant at 
both sites throughout the growing season (Fig. 12). Green algae comprised 68% of the 
phytoplankton found in Bruin, and 82% in Deer Creek. Bacillariophyceae, or Diatoms, 
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Figure 12. Phytoplankton composition of Bruin and Deer Creek 
embayments. Euglenophyceae, Cyanophyceae, Dinophyceae, 
and Xanthophyceae are included in the "other'' category and 
comprised less than 4% of the populations for both 
embayments. Arrows indicate start and finish of fertilization. 
34 
and 12% for Deer Creek. Members of the class Chrysophyceae comprised a much 
larger percentage of the Bruin population (11%) than in the Deer Creek population 
(4%). Members ofCyanophyceae, Dinophyceae, Euglenophyceae, and Xanthophyceae 
combined comprised less than 4% of the populations for both embayments. Sixty-six 
different genera were found in the 1996 samples, with 68% occurring within both 
embayments. Deer Creek embayment had less diversity: with only 50 genera 
occurring, compared with 60 genera within the fertilized embayment (Table 8). 
Table 9. Phytoplankton genera found exclusively within embayments of Grayson Lake 











However, in the previous growing season only 21 different genera were found, 
with 62% occurring within both embayments. During the 1995 growing season there 
was much more diversity within Bruin than Deer Creek embayment. Bruin contained 
seven additional genera of phytoplankton, while Deer Creek contained only a single 
genera that did not also appear within Bruin (Table 9). 
4.5.2. Zooplankton • 
Rotifers dominated the zooplankton assemblages of both sites, comprising 
82% and 89% of the Bruin population and 81 % and 90% of the Deer Creek 
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embayment for the 1995 and 1996 growing seasons respectively (Fig. 13). Keratella 
was the most common rotifer for both embayments during the 1995 growing season, 
having a mean of218.3 individuals L"1 (47%) for Deer Creek, and 129.3 individuals L. 
1 
(30%) for Bruin. The next most commonly occurring rotifer was Conochiloides for 
both Bruin (mean=l07.3 ind. L·1, 24%), and Deer Creek (mean=56.0 ind. L"1, 12%). 
Table JO. Zooplankton genera found exclusively within ernbayments of Grayson Lake during 

























Polyarthra and other rotifers comprised 11 % of Deer Creek population (means=5 l .3, 
and 50.9 ind. L"1 respectively). While for BruinPolyarthra comprised 11% 
(mean=48.2 ind. L"1), and other rotifers accounted for 17% (mean=72.8 ind. L"1) of the 
total zooplankton population for the 1995 growing season. During the 1996 growing 
season Polyarthra was the most abundant rotifer--with a mean of 177. lindividuals L"1 
(31 %). Also ubiquitous were Keratella, with a mean of 133.2 individuals L"1 (24%), 
and Conochiloides, with a mean of 67.1 individuals L"1 (11 %) within the Bruin 
samples. In Deer Creek, Keratella (mean=235.3 ind. L·1, 40%) was the most abundant 
genera of rotifer, followed by Polyarthra (mean=138.7 ind. L·1, 24%), and 
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Conochiloides (mean=66. l ind. L-1, I 1%). Other genera ofrotifers comprised 
23%(mean=l29.2 ind. L:1) of the Bruin Creek population compared with 
15%(mean=90.8 ind. L-1) for the control population during the 1996 growing season .. 
Larval copepods (napulii) were the most common non-rotifer zooplankton for 
both Bruin (mean=50.0 ind. L-1) and Deer Creek (mean=50.4 ind. L"1), with total 
cladocerans comprising 5% of the zooplankton for both sites. Adult copepods were 
the least common type ofzooplankton counted, with a mean of 13.1 individuals L"1 for 
Deer Creek, and 8.9 individuals L"1 for Bruin during the 1995 growing season. 
Copepod napulii were the next most commonly occurring type of zooplankton for 
both Bruin (mean=36.5 ind. L-1), and Deer Creek (mean=37.2 ind. L-1) for the 1996 
growing season. Least commonly occurring types of zooplankton were total 
cladocerans (means=l4.7, and 13.2 ind. L"1) and adult copepods (means= 4.5 and 8.3 
ind. L-
1
) for both Bruin and Deer Creek respectively during the 1996 growing season. 
Community similarity was high, with seventy-three percent of the genera of 
zooplankton found during the 1995 study occurring within both embayments (Table 
10). Bruin had slightly more diversity, with 21 different genera, compared with 17 for 
the control. During the 1996 study 65% of the zooplankton genera found occurred 
within both embayments. Thirty-four different species were found in 1996, with Deer 












May June July 
Iii Total Cladocerans 
E3 Napulii 
I Adult Copepods 




Figure 13. Zooplankton composition of Bruin and Deer Creek embayments 





Precipitation and discharge rates were higher during the 1996, and 1997 
growing seasons than during any of the previous growing seasons. This is interesting 
because despite probable increased flow through, due to increased rainfall and 
discharge, fertilization still resulted in increasing several v~riables within the fertilized 
embayment. In comparison, during the 1994 and 1995 growing seasons there was less 
precipitation and discharge than during the 1996 and 1997 growing seasons, yet 
fertilization did not result in any significant changes. The only variable that did change 
between embayments was secchi disk depths during the 1994 growing season. 
However, since chlorophyll a levels were lower in the fertilized embayment the 
lowered secchi disk depths were probably not due to increased production (Spier 
1995). Interestingly the control growing season (1993) had the lowest precipitation 
and discharge rates, and had higher chlorophyll a levels than either of the inorganic 
fertilized growing seasons ( 1994 & 1995). This might indicate that water retention 
time can influence the success of fertilization. 
5.2. Fertilization Scheme 
Additions of fertilizer containing limiting nutrients should result in increased 
primary production (phytoplankton), secondary production (zooplankton), and 
eventually increased fish production, a goal of many fisheries managers. This "bottom-
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up" approach has been successfully employed in increasing production in at least 
some of the trophic levels in natural lakes (Schindler et al. 1973), rivers (Johnston et 
al. 1990), ponds (Barkoh 1996), and artificial enclosures (Luecke et al. 1996). 
However, a reservoir's hydrology is unlike natural systems because it's discharge is 
artificially controlled; therefore, reservoirs may not respond to enrichment like natural 
systems. Dewey Lake, another eastern Kentucky reservoir, did respond to enrichment 
with an increase in both numbers of sport fish harvested, and in mean weight of fish 
(Laflin 1981). Despite this, fertilization of Grayson Lake did not result in increases in 
production in either 1994 (Spier 1995), or in I 995 (Reeder unpublished). 
5.3. Nutrient Response 
Unlike the first two years of enrichment SRP concentrations were increased 
during the 1996 and 1997 growing season within the fertilized embayment. 
Concentrations of SRP were significantly higher only during the fertilization period, 
which could indicate that phytoplankton were rapidly utilizing SRP. Elevated SRP 
concentrations were not due to differences between sites, because there were no 
significant differences between embayments prior to fertilization. Johnston et al. 
( 1990) also found increases in SRP concentrations in the Keogh River, British 
Columbia, after additions of fertilizer containing N and P. Addition of nutrients also 
resulted in a I 0-fold increase in SRP concentrations in the Kuparuk River, Alaska, at 
the site of fertilization (Deegan et al. 1997). 
40 
SRP concentrations are significant because SRP is the form of P that 
phytoplankton can readily utilize, thus increasing this form is essential to increasing 
phytoplankton production. However the relationship between SRP and chlorophyll a 
levels in Grayson Lake was weak during both growing seasons (r2=.035, .004), as 
compared to other lake models. This might be occurring if high production rates are 
being produced after SRP has already been taken up. Fertilization might have been 
successful in increasing SRP concentrations for the later two years in Grayson Lake 
because the application rate was approximately twice (2.36 gal. acre-1) that of the 
1994-1995 application rate (0.96 gal acre-1; Table 6.). Also, a tobacco fertilizer with a 
high P content was used for the 96-97 growing seasons; whereas, a fertilizer with a 
high N:P ratio was used in the 94-95 growing seasons (Table 5). 
Total phosphorous concentrations were increased in the 1997, but not the 
1996 growing seasons. Hyatt and Stockner (1985) found a strong correlation between 
epilimnetic TP concentrations and phosphorus fertilizer load. Total phosphorus 
concentrations may not have responded to fertilization in 1996 because of high 
suspended solids due to high precipitation and discharge rates (Table 3). Increasing TP 
is significant because strong relationships between TP concentrations and chlorophyll 
a levels are limnological dogma (Schindler 1978). However, we did not have a strong 
relationship between TP concentrations and chlorophyll a for either growing season 
(r2= .012, .067). We would conclude from this that TP concentrations were not 
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limiting primary production in Grayson Lake, which was also suggested from findings · 
by Davis (1995). Despite success in increasing SRP, and success in one growing 
season for increasing TP concentrations, none of the different forms of nitrogen tested 
for were increased, except for ammonia in 1997. This is in contrast to other 
experiments in which dissolved inorganic nitrogen levels were elevated by enrichment 
(Hyatt and Stockner 1985, Johnston et al.1990). This lack of increase could be due to · 
the low molar composition of nitrogen in the fertilizer when compared with 
phosphorus (Table 6). Another explanation could be that there were already ample 
supplies of N in the lake water, and the amount of N in the fertilizer was insufficient 
to increase any of the N species concentrations within Bruin embayment. Since blue-
green algae blooms may occur when a secondary N deficiency occurs (Smith 1983, 
Stockner and Shortreed 1988), the absence of such a bloom in Grayson supports the 
idea that there was sufficient N present during the growing season. It is interesting to 
note that the fertilizer used in the 1994, and 1995 growing seasons had a higher molar 
ratio of N (Table 5), yet still did not result in an increase in any form of N (Spier 
1995, Reeder unpublished). 
5.4. Physical Variables 
There was no significant difference in alkalinity between sites before 
fertilization, but there was a significant difference during and after fertilization--which 
mirrors the trend for chlorophyll a; therefore suggesting a possible carbon limitation. 
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However, during the 1993 growing season there was also a significant difference in 
alkalinity between sites despite the fact that there was not a difference in production 
(Crawford 1995). 
Secchi depth is a measurement used by some trophic state indices to determine 
production (e.g. Carlson 1977). Not only were Secchi depths more shallow in the 
fertilized embayment than the control, they were only different during and after 
fertilization for the 1996 and 1997 growing seasons. Also, aside from approaching 
significance during the 1994 growing season (Spier 1995), there were no significant 
differences between Secchi depths during the control growing season (1993), or when 
the N + P fertilizers were used (1994-1995) (Crawford 1995, Speir 1995, Reeder 
unpublished). 
Increased hypol/mnetic oxygen deficit within the fertilized embayments during 
the 1996, and 1997 growing seasons might be the result of increased decompositional 
activity due to the increased amount of phytoplankton biomass falling into the 
hypolimnion. Phytoplankton productivity has been shown to be positively correlated 
with hypolimnetic oxygen deficits in lakes (Ohle 1956). However, other variables 
found within the fertilized embayment have been shown to be correlated with 
hypolimnetic oxygen deficits, such as higher phosphorus concentrations (Cornett and 
Rigler 1979), or low Secchi disk depth (Lasenby 1975). Thus, Bruin embayments' 
increased phytoplankton biomass, SRP concentrations, and decreased Secchi disk 
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depth all support this hypothesis for the cause of increased hypolimnetic oxygen 
deficit. 
Chlorophyll a levels remained significantly higher within the fertilized 
embayment in both growing seasons even after fertilization ceased. This might have 
been a result of phosphorus being released from the sediments due to anoxic 
conditions (Ohle 1956). Since Bruin had higher primary production, the amount of 
organic material accumulating within the sediments would have been higher than 
within the control embayment--thus the amount of phosphorus available from the 
sediments would have been higher in Bruin. 
5.5. Primary Production 
Grayson Lake is eutrophic in both embayments, although Bruin became more 
eutrophic after fertilization. Increases in phytoplankton numbers for the 1996 growing 
season, and primary production within the fertilized embayment during both growing 
seasons were probably due to increased SRP concentrations. Johnston et al. (1990) 
found an increase in algal standing crops by an order of magnitude after increasing 
SRP concentrations by fertilization in the Keogh River. Enhanced SRP concentrations 
by fertilization has also resulted in increased primary production, as measured by 
chlorophyll a concentrations, within lakes (Luecke et al. 1996). Significant increases of 
chlorophyll a concentrations, and the doubling of phytoplankton numbers within the 
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fertilized embayment, leads us to accept the hypothesis that fertilization resulted in 
increased primary production. 
5.6. Secondary Production 
Increased primary production. did not translate into elevated zooplankton 
production. Thus the hypothesis that fertilization would result in increased 
zooplankton production is rejected. This is in contrast to the findings of McCauley and 
Kalff (1981) that zooplankton biomass is positively correlated with phytoplankton 
biomass. Other enrichment experiments have been successful in increasing 
zooplankton biomass (e.g. Barkoh 1996, Luecke et al. 1996). This unsuccessful 
increase in zooplankton might be due to the presence of gizzard shad (Dorosoma 
cepedianum) within Grayson Lake. Stein et al. (1995) propose that if gizzard shad are 
present they might interfere with trophic cascades because they are not controlled by 
their predators or prey. Gizzard shad have been shown to negatively impact . 
zooplankton populations through predation (De Vries and Stein 1992). Thus increases 
in primary production would not have resulted in increased zooplankton biomass 
because of predation by gizzard shad. Also, if fish are selecting for larger zooplankton, 
increases in primary production might result in increases of only small zooplankters 
such as rotifer species. 
5.7. Community Structure 
5.7.1. Phytoplankton 
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Green algae dominated the phytoplankton assemblages of both embayments 
during the 1996 growing season. Schindler et al. ( 1973) observed a similar increase in 
Chlorophyta after fertilization of Lake 227 in Canada. Fertilization oflake enclosures 
also resulted in increases of Chlorophyta over pre-fertilization conditions (Proulx et al. 
1996). However, since the control embayment was also dominated by green algae, 
fertilization was probably not responsible for this occurrence. Green algae increase 
with TP levels and are most frequent at levels below ~200 µg ofTP L-1 (Watson et al. 
1997). Since mean TP levels were 160 µgL- 1 for Bruin, and 126 µgL-1 for the control, 
abundance of green algae is consistent with TP levels. However, Cyanobacteria did 
not become dominant, and in fact were scarce in both embayments despite relatively 
high TP levels for the 1996 growing season. 
Fertilization can often result in blooms of blue-green algae (Schindler et al. 
1973), probably due to lowered N:P ratios (Smith 1983). Diatoms, another group 
shown to increase with TP levels (Watson et al. 1997), were the second most 
abundant group for both embayments during the 1996 growing season. While Bruin 
embayment supported a slightly higher diversity of phytoplankton than the control, 
there was not a significant difference in the taxonomic groups found within both 
embayments during the 1996 growing seasons. This is in contrast to other studies 
(Proulx et al. 1996, Stockner and Shortreed 1988, Schindler 1973) in which increases 
in blue-greens occurred after fertilization. 
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5. 7 .2. Zooplankton 
Fertilization did not result in significant changes in zooplankton community 
structure. Rotifers were most abundant within both embayments. Rotifers were found 
to be dominant within eutrophic lakes, and copepods dominant in oligotrophic lakes of. 
Florida (Blancher 1984). Mean total zooplankton for these eutrophic Florida lakes 
were 381 individuals L-1, compared to 648 individuals L-1 for Grayson Lake during the 
1996 growing season. However, most of the Grayson zooplankton were small. Secchi 
disk, TP, and chlorophyll a levels for 1996, and 1997 indicate that both embayments of 
Grayson Lake are eutrophic according to Carlson's trophic state index. If the 
zooplankton community structure and trophic status relationship of Kentucky lakes 
follow the pattern of Florida lakes found by Blancher (1984), then fertilization would 
not result in a change in community structure, because rotifers are already dominant 
within Grayson. 
Since crustacean zooplankton are an important prey item for larval fish 
(Barkoh 1996), it could be argued that any increase in these types of zooplankton 
would be negated by increased larval fish numbers. Qin and Culver (1996) found that 
larval walleye (Stizostedion vitreum) regulated zoo plankton community structure in 
ponds by reducing abundances of Cladocerans and enhancing rotifer zooplankton. 
Interestingly two of the rotifer genera that were enhanced, Polyarthra and Keratella, 
were two of the most abundant genera found in Grayson Lake. Thus fish predation 
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and not fertilization could be affecting zooplankton community structure within 
Grayson Lake. 
5.8. Conclusions and Recommendations 
·: Fertilization resulted in increased primary production within Bruin Creek 
embayment of Grayson Lake during the 1996 and 1997 growing seasons. Previous 
fertilization of Grayson Lake had failed to produce increases in production at any 
trophic level. During the 1996 and 1997 growing season fertilizer was switched from 
an inorganic fertilizer with a high N:P ratio to an N:P:K tobacco fertilizer. Application 
rates were doubled over previous application rates. Total phytoplankton numbers, and 
chlorophyll a levels, were significantly increased within Bruin Creek embayment. 
Zooplankton production was not increased by fertilization within Grayson Lake. Also, 
there was not a significant difference in either phytoplankton or zooplankton 
community structure due to fertilization. This suggest that selective feeding is not 
occurring--or gizzard shad are equally abundant in both sites. 
Certain water quality variables were affected by fertilization of Bruin Creek 
embayment. Light penetration, as determined by Secchi disk depth, was significantly 
reduced by fertilization during both growing seasons. SRP concentrations within the 
water column were significantly increased within the fertilized embayment. 
Fertilization also resulted in anoxic conditions to reach higher into the photic zone, 
and increased alkalinity. 
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Despite the success of fertilization in increasing primary production, we would 
caution fisheries biologists in employing this type of ecosystem manipulation because 
of changes in water quality, increased hypolimnetic oxygen deficit, and the lack of 
increase in zooplankton production. While certain non-game fish survivability might be 
enhanced by fertilization, we would not expect sport fish fry survival to be enhanced 
because of the unsuccessful increase in zooplankton. This fertilization strategy was 
applied spatially and temporally to maxim:ze the benefits to YOY bass, compared to_ 
other fertilization regimes, and still did not result in any benefits for YOY bass. 
Therefore, resource managers might wish to explore options other than trophic 
manipulation to increase sport fish productivity, such as habitat restoration or more 
classical methods such as size and limit restrictions. 
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Appendix 1: Grayson Lake physical, and chemical data for the 1996 and 1997 
growmg seasons. 
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Appendix 1: 1996 Grayson Lake physical, plankton, and 
chemical data. 
Site Date Alkalinity NH4+ NO3- NO2- Fe2+ SO4-
mg CaCO3\L mg\L mg\L mg\L mg\L mg\L 
Bruin 1 29-Mar-96 16.8 0.095 0.3 0.002 0.01 
Bruin 1 5-Apr-96 30.8 0.105 0.7 0.009 0.51 
Bruin 1 12-Apr-96 20 0.08 0.06 0.11 49 
Bruin 1 19-Apr-96 16.2 0.093 0.39 0.075 41 
Bruin 1 26-Apr-96 18 0.05 0.13 0.001 0.01 64 
Bruin 1 3-May-96 15.9 0.15 0.4 0.005 0.14 
Bruin 1 9-May-96 16.4 0.115 0.4 0.005 0.15 43 
Bruin 1 16-May-96 16.6 0.21 0.6 0.002 0.18 45 
Bruin 1 23-May-96 21 0.35 0.5 0.008 0.07 39 
Bruin 1 31-May-96 18.6 0.13 0.5 0.006 0.07 41 
Bruin 1 6-Jun-96 31.5 0.13 0.4 0.004 0.05 41 
Bruin 1 13-Jun-96 25.7 0.06 0.5 0.032 0.06 41 
Bruin 1 19-Jun-96 22.6 0.07 0.4 0.002 0.03 42 
Bruin 1 27-Jun-96 22.4 0.07 0.4 0.002 0.02 
Bruin 1 2-Jul-96 19.3 0.075 0.4 0.003 0.03 
Bruin 1 11-Jul-96 23.5 0.1 0.65 0.004 0.05 
Bruin 1 18-Jul-96 25.2 0.13 0.4 0.002 0.04 
Bruin 1 26-Jul-96 26 0.11 0.65 0.003 0.03 
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Site Date Alkalinity NH4+ NO3- NO2- Fe2+ SO4-
mg CaCO3\L mg\L mg\L mg\L mg\L mg\L 
Deer1 29-Mar-96 14.8 0.08 0.35 0.003 0.01 
Deer1 5-Apr-96 19 0.035 0.65 0.004 0.13 
Deer 1 12-Apr-96 19.4 0.04 0.18 0.055 32 
Deer 1 19-Apr-96 14.6 0.053 0.35 0.07 48 
Deer 1 26-Apr-96 15 0.05 0.15 -0.004 0.01" 68 
Deer 1 3-May-96 14.2 0.045 0.6 0.005 
Deer1 9-May-96 16 0.115 0.5 0.005 0.045 39 
Deer1 16-May-96 15.8 0.21 0.7 0.005 0.245 40 
Deer 1 23-May-96 18 0.205 0.5 0.009 0.08 34 
Deer 1 31-May-96 16.1 0.14 0.5 0.006 0.05 35 
Deer 1 6-Jun-96 17.7 0.13 0.4 0.005 0.05 33 
Deer 1 13-Jun-96 20.1 0.1 0.4 0.006 0.06 40 
Deer 1 19-Jun-96 16 0.07 0.4 0.005 0.04 
Deer 1 27-Jun-96 19.4 0.07 0.5 0.004 0.02 
Deer 1 2-Jul-96 18.8 0.09 0.4 0.003 0.04 
Deer 1 11-Jul-96 20.9 0.11 0.7 0.004 0.03 
Deer 1 18-Jul-96 19 0.18 0.7 0.003 0.03 
Deer 1 26-Jul-96 21 0.16 0.6 0.003 0.02 
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Site Date Alkalinity NH4+ NO3- NO2- Fe2+ SO4-
mg CaCO3\L mg\L mg\L mg\L · mg\L mg\L 
Deer2 29-Mar-96 14.4 0.07 0.3 0.002 0.002 
Deer2 5-Apr-96 19.4 0.06 0.7 0.004 0.1 
Deer2 19-Apr-96 14.9 0.055 0.35 0.045 61 
Deer2 26-Apr-96 15 0.045 0.15 . 0.004 0.02 77 
Deer2 3-May-96 14.8 0.03 0.5 0.006 0.14 
Deer2 9-May-96 13.6 0.085 0.5 0.005 0.045 39 
Deer2 16-May-96 16.7 0.19 0.7 0.004 0.185 40 
Deer2 23-May-96 17 0.24 0.5 0.007 0.08 34 
Deer2 31-May-96 15.7 0.13 0.5 0.005 0.05 33 
Deer 2 6-Jun-96 17.5 0.14 0.4 0.004 0.04 37 
Deer2 13-Jun-96 18.4 0.065 0.4 0.006 0.07 31 
Deer2 19-Jun-96 15.8 0.07 0.4 0.004 0.05 31 
Deer2 27-Jun-96 18.4 0.065 0.4 0.004 0.02 
Deer2 2-Jul-96 17.6 0.095 0.3 0.003 0.03 
Deer2 11-Jul-96 19.3 0.11 0.65 0.004 0.03 
Deer2 18-Jul-96 16.8 0.13 0.65 0.003 0.04 
Deer2 26-Jul-96 19.8 0.11 0.6 0.003 0.04 
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Site Date Alkalinity NH4+ NO3- NO2- Fe2+ SO4-
mg CaCO3\L mg\L mg\L mg\L mg\L mg\L 
Bruin 2. 29-Mar-96 17.2 0.07 0.35 0.002 0.004 
Bruin 2 5-Apr-96 12.4 0.04 0.7 0.004 0.11 
Bruin 2 12-Apr-96 20.1 0.14 0.11 0.055 46 
Bruin 2 19-Apr-96 18.1 0.124 0.39 · 0.13 41 
Bruin 2 26-Apr-96 19 0.055 0.11 0.003 0.005 77 
Bruin 2 3-May-96 17.1 0.12 0.4 0.006 0.03 
Bruin 2 9-May-96 17.8 0.13 0.5 0.006 0.13 45 
Bruin 2 16-May-96 17.7 0.185 0.6 0.003 0.145 47 
Bruin 2 23-May-96 20.6 0.215 0.5 0.007 0.06 45 
Bruin 2 31-May-96 19.4 0.16 0.5 0.006 0.08 46 
Bruin 2 6-Jun-96 26 0.13 0.4 0.004 0.05 42 
Bruin 2 13-Jun-96 24.8 0.07 0.5 0.005 0.05 38 
Bruin 2 19-Jun-96 21.8 0.07 0.4 0.003 0.03 47 
Bruin 2 27-Jun-96 23 0.095 0.4 0.003 0.05 
Bruin 2 2-Jul-96 22.2 0.115 0.4 0.005 0.05 
Bruin 2 11-Jul-96 24.7 0.1 0.65 0.004 0.05 
Bruin 2 18-Jul-96 23.4 0.11 0.75 0.004 0.05 
Bruin 2 26-Jul-96 24.8 0.13 0.6 0.003 0.04 
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Site Date TP Chi @ Sacchi SRP Total N 
mg\L ug\L Meters mg\L mg\L 
Bruin 1 29-Mar-96 0.03 2 0.66 0.397 
Bruin 1 5-Apr-96 0.09 1 0.53 0.025 0.814 
Bruin 1 12-Apr-96 5 0.72 0.14 
Bruin 1 19-Apr-96 5 0.98 0.037 0.483 
Bruin 1 26-Apr-96 0.012 5 1.09 0.012 0.181 
Bruin 1 3-May-96 0.28 5 1.55 0.087 0.555 
Bruin 1 9-May-96 0.14 10 0.88 0.007 0.52 
Bruin 1 16-May-96 0.115 15 0.64 0.025 0.812 
Bruin 1 23-May-96 0.36 3 1.25 0.056 0.858 
Bruin 1 31-May-96 0.425 13 0.89 0.018 0.636 
Bruin 1 6-Jun-96 0.158 19 0.91 0.027 0.534 
Bruin 1 13-Jun-96 0.168 5 1.35 0.033 0.592 
Bruin 1 19-Jun-96 0.127 10 1.56 0 0.472 
Bruin 1 27-Jun-96 0.068 8 1.2 0.011 0.472 
Bruin 1 2-Jul-96 0.001 7 1.3 0.005 0.478 
Bruin 1 11-Jul-96 0.193 15 1.23 0.013 0.754 
Bruin 1 18-Jul-96 0.103 13 1.48 0.006 0.532 
Bruin 1 26-Jul-96 0.097 16 1.45 0.003 0.763 
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Site Date TP Chi @ Secchi SRP Total N 
mg\L ug\L Meters mg\L mg\L 
Bruin 2 29-Mar-96 0.04 3 0.71 . 0.422 
Bruin 2 5-Apr-96 0.125 1 0.84 0.065 0.744 
Bruin 2 12-Apr-96 7 1.05 0.25 
Bruin 2 19-Apr-96 5 1.26 0.108 . 0.514 
Bruin 2 26-Apr-96 0.026 7 1.12 0.009 0.168 
Bruin 2 3-May-96 0.355 12 1.51 0.155 0.5255 
Bruin 2 9-May-96 0.099 20 1.04 0.006 0.636 
Bruin 2 16-May-96 0.102 11 0.72 0.015 0.788 
Bruin 2 23-May-96 0.246 4 1.29 0.003 0.722 
Bruin 2 31-May-96 0.481 12 0.9 0.049 0.666 
Bruin 2 6-Jun-96 0.169 25 0.92 0.036 0.534 
Bruin 2 13-Jun-96 0.279 17 1.21 0.102 0.575 
Bruin 2 19-Jun-96 0.161 25 1.56 0.008 0.473 
Bruin 2 27-Jun-96 0.092 12 1.32 0.007 0.498 
Bruin 2 2-Jul-96 0.02 12 1.39 0.001 0.52 
Bruin 2 11-Jul-96 0.33 12 1.03 0.003 0.754 
Bruin 2 18-Jul-96 0.118 19 1.27 0 0.864 
Bruin 2 26-Jul-96 0.1 15 1.48 0.004 0.733 
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Site Date TP Chi @ Secchi SRP Total N 
mg\L ug\L Meters mg\L mg\L 
Deer 1 29-Mar-96 0.03 6 0.69 0.433 
Deer 1 5-Apr-96 0.07 1 0.66 0.015 0.689 
Deer 1 12-Apr-96 4 0.79 0.22 
Deer 1 19-Apr-96 5 2.01 0.006 0.403 
Deer1 26-Apr-96 0.01 2 1.44 0 0.204 
Deer1 3-May-96 0:135 3 2.22 0 0.65 
Deer 1 9-May-96 0.075 5 1.56 0.007 0.62 
Deer 1 16-May-96 0.089 16 0.57 0.008 0:915 
Deer 1 23-May-96 0.219 11 0.99 0.001 0.714 
Deer1 31-May-96 0.34 8 1.28 0 0.646 
Deer 1 6-Jun-96 0.106 5 0.99 0.007 0.535 
Deer 1 13-Jun-96 0.136 7 1.63 0.009 0.506 
Deer 1 19-Jun-96 0.126 5 1.58 0 0.475 
Deer 1 27-Jun-96 0.072 5 1.4 0.009 0.574 
Deer 1 . 2-Jul-96 0.002 7 1.69 0.002 0.493 
Deer 1 11-Jul-96 0.251 13 2 0.009 0.814 
Deer1 18-Jul-96 0.097 6 1.81 0.001 0.883 
Deer 1 26-Jul-96 0.099 12 2 0.007 0.763 
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Site Date TP Chi @ Secchi SRP Total N 
mg\L ug\L Meters mg\L mg\L 
Deer2 29-Mar-96 0.07 6 0.68 . .0.372 
Deer2 5-Apr-96 0.09 2 0.61 0.015 0.764 
Deer2 19-Apr-96 9 1.17 0.019 0.405 
Deer2 26-Apr-96 0.007 2 1.41 b 0.199 
Deer2 3-May-96 0.195 5 1.9 0 0.536 
Deer2 9-May-96 0.018 5 1.41 0 0.59 
Deer2 16-May-96 0.082 .13 0.57 0.01 0.894 
Deer2 23-May-96 0.279 13 0.97 0.001 0.747 
Deer2 31-May-96 0.497 8 1.25 0 0.635 
Deer2 6-Jun-96 0.101 8 1.13 0 0.544 
Deer2 13-Jun-96 0.132 6 1.49 0 0.471 
Deer2 19-Jun-96 0.14 5 1.6 0 0.474 
Deer2 27-Jun-96 0.066 4 1.05 0.004 0.469 
Deer2 2-Jul-96 0.012 4 1.49 0.002 0.398 
Deer2 11-Jul-96 0.287 5 1.41 0.006 0.764 
Deer2 18-Jul-96 0.091 5 1.93 0.001 0.783 
Deer2 26-Jul-96 0.091 8 1.98 0.008 0.713 
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Site Date Ttl Phyto #s Ttl Zoo 
cells\L #s\L 
Bruin 1 29-Mar-96 20984 
Bruin 1 5-Apr-96 15210 7 
Bruin 1 12-Apr-96 76720 
Bruin 1 19-Apr-96 235000 52 
Bruin 1 26-Apr-96 167000 40 
Bruin 1 3-May-96 351000 287 
Bruin 1 9-May-96 456000 91 
Bruin 1 16-May-96 517000 195 
Bruin 1 23-May-96 299000 1663 
Bruin 1 31-May-96 1090000 1045 
Bruin 1 6-Jun-96 3080000 978 
Bruin 1 13-Jun-96 1070000 1014 
Bruin 1 19-Jun-96 734000 617 
Bruin 1 27-Jun-96 905000 785 
Bruin 1 2-Jul-96 670000 481 
Bruin 1 11-Jul-96 783000 326 
Bruin 1 18-Jul-96 1380000 1251 
Bruin 1 26-Jul-96 960000 1360 
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Site Date Ttl Phyto #s Ttl Zoo 
cells\L #s\L 
Bruin 2 29-Mar-96 18768 
Bruin 2 5-Apr-96 10720 2 
Bruin 2 12-Apr-96 115920 
Bruin 2 19-Apr-96 311000 67 
Bruin 2 26-Apr-96 184000 67 
Bruin 2 3-May-96 249000 555 
Bruin 2 9-May-96 2360000 84 
Bruin 2 16-May-96 1770000 174 
Bruin 2 23-May-96 343000 1325 
Bruin 2 31-May-96 1400000 1133 
Bruin 2 6-Jun-96 2450000 760 
Bruin 2 13-Jun-96 1090000 1009 
Bruin 2 19-Jun-96 1140000 589 
Bruin 2 27-Jun-96 810000 653 
Bruin 2 2-Jul-96 825000 378 
Bruin 2 11-Jul-96 844000 574 
Bruin 2 18-Jul-96 1010000 1505 
Bruin 2 26-Jul-96 1310000 1174 
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Site Date Ttl Phyto #s Ttl Zoo 
cells\L #s\L 
Deer 1 29-Mar-96 14964 
Deer 1 5-Apr-96 18614 24 
Deer 1 12-Apr-96 186300 
Deer 1 19-Apr-96 53956 24 
Deer 1 26-Apr-96 164000 74 
Deer 1 3-May-96 263000 168 
Deer 1 9-May-96 727000 469 
Deer 1 16-May-96 261000 823 
Deer 1 23-May-96 502000 1328 
Deer 1 31-May-96 490000 733 
Deer 1 6-Jun-96 467000 632 
Deer 1 13-Jun-96 586000 703 
Deer 1 19-Jun-96 480000 595 
Deer 1 27-Jun-96 622000 781 
Deer 1 2-Jul-96 336000 423 
Deer 1 11-Jul-96 768000 572 
Deer 1 18-Jul-96 582000 1385 
Deer 1 26-Jul-96 877000 1102 
Site Date Ttl Phyto #s Ttl Zoo 
cells\L #s\L 
Deer2 29-Mar-96 37408 
Deer2 5-Apr-96 24612 13 
Deer2 19-Apr-96 65472 18 
Deer2 26-Apr-96 163000 67 
Deer2 3-May-96 420000 490 
Deer2 9-May-96 1030000 1358 
Deer2 16-May-96 184000 1188 
Deer2 23-May-96 627000 1133 
Deer2 31-May-96 464000 774 
Deer2 6-Jun-96 397000 624 
Deer2 13-Jun-96 237000 264 
Deer2 19-Jun-96 285000 474 
Deer2 27-Jun-96 527000 1181 
Deer2 2-Jul-96 258000 620 
Deer2 11-Jul-96 400000 681 
Deer2 18-Jul-96 535000 1247 
Deer2 26-Jul-96 822000 1255 
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Appendix 1 : 1997 Grayson Lake physical and 
chemical data. 
Date Site Alkalinity NO3 NO2 NH4 
mg CaCO3\L mg\L mg\L mg\L 
4/17/97 B1 25 0.6 0.006 0.07 
4/25/97 B1 22.2 0.24 0.007 0.14 
5/2/97 B1 22.4 0.17 0.002 0.08 
5/9/97 B1 25.6 0.4 0.007 0.21 
5/16/97 B1 26.2 0.6 0.004 0.09 
5/23/97 B1 24.6 0.11 0.005 0.11 
5/30/97 B1 21.4 0.03 0.004 0.08 
6/6/97 B1 26 0.03 0.004 0.08 
6/16/97 B1 26.5 0.05 0.007 0.07 
6/20/97 B1 25 0.03 0.009 0.11 
6/27/97 B1 25 0.08 0.006 0.009 
4/17/97 B2 34.6 0.5 0.005 0.11 
4/25/97 B2 21.2 0.22 0.006 0.14 
5/2/97 B2 22.4 0.14 0.003 0.09 
5/9/97 B2 26.8 0.4 0.006 0.21 
5/16/97 B2 26 0.6 0.003 0.06 
5/23/97 B2 22.3 0.11 0.005 0.06 
5/30/97 B2 25.2 0.03 0.004 0.09 
6/6/97 B2 26.8 0.02 0.004 0.1 
6/16/97 B2 24.5 0.02 0.006 0.08 
6/20/97 B2 27 0 0.006 0.08 
6/27/97 B2 28 0.06 0.008 0.09 
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Date Site Alkalinity NO3 NO2 NH4 
mg CaCO3\L mg\L mg\L mg\L 
4/17/97 D1 19.4 0.5 0.006 0.06 
4/25/97 D1 19.6 0.21 0.008 0.19. 
5/2/97 D1 19.8 0.14 0.003 0.01 
5/9/97 D1 20.2 0.5 0.007 0.09 
5/16/97 D1 18.8 0.4 0.005 0.06 
5/23/97 D1 17 0.14 0.006 0.05 
5/30/97 D1 21.2 0.09 0.005 0.05 
6/6/97 D1 23.6 0.09 0.007 0.06 
6/16/97 D1 22.5 0.02 0.007 0.03 
6/20/97 D1 22 0.01 0.006 0.06 
6/27/97 D1 24.5 0.004 0.007 0.07 
4/17/97 D2 20.6 0.5 0.005 0.08 
4/25/97 D2 18.1 0.19 0.007 0.25 
5/2/97 D2 16 0.18 0.003 0 
5/9/97 D2 19.8 0.5 0.006 0.12 
5/16/97 D2 20 0.4 0.005 0.08 
5/23/97 D2 18.6 0.15 0.006 0.05 
5/30/97 D2 19.2 0.1 0.005 0.06 
6/6/97 D2 22.2 0.08 0.006 0.04 
6/16/97 D2 23 0.05 0.006 0.06 
6/20/97 D2 24 0.02 0.006 0.007 
6/27/97 D2 23.5 0.005 0.006 0.01 
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Date Site Sacchi Chlorophyll a SRP TP 
meters micrograms\L micrograms\L micrograms\L 
4/17/97 81 0.24 3.7 0 
4/25/97 81 0.89 1.4 61 
5/2/97 81 0.895 43 50 
5/9/97 81 1.17 13.3 51 110 
5/16/97 81 1.25 18.5 40 
5/23/97 81 1.45 9.6 60 100 
5/30/97 81 1.19 15.5 20 42 
6/6/97 81 1.29 9.6 10 90 
6/16/97 81 1.01 15.4 20 30 
6/20/97 81 1 14.35 40 20 
6/27/97 81 1.77 5.34 10 
4/17/97 82 0.28 2 0 
4/25/97 82 0.93 1.8 35 
5/2/97 82 0.94 2.6 74 50 
5/9/97 82 1.23 5.5 70 130 
5/16/97 82 1.39 19 40 
5/23/97 82 1.1 9.26 30 70 
5/30/97 82 1.15 17.6 10 70 
6/6/97 82 1.15 17.5 40 110 
6/16/97 82 0.95 12.6 20 45 
6/20/97 82 1.2 17 40 25 

























Secchi Chlorophyll a SRP TP 
meters micrograms\L micrograms\L micrograms\L 
0.3 4.4 0 
1.17 0.65 10 . 
1.05 9.5 13 51 
1.24 1.6 9 20 
1.56 8.39 30 
1.78 6.85 30 70 
2.25 5.65 30 13 
1.~ 8.~ 0 00 
1.52 5.01 30 28 
1.55 6.28 30 21 
2.01 3.32 10 
0.33 5.9 10 
0.975 1.7 15 
1.03 3.3 4 44 
1.04 3.4 20 30 
1.18 9.07 20 
1.~ 6.~ ~ 80 
2.18 6.05 50 16 
1.9 8.55 10 70 
1.65 6.69 40 12 
1.55 7.48 40 20 
2.09 4.37 20 
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Appendix 2: Grayson Lake vertical profiles of temperature, conductivity, pH, and 
dissolved oxygen for the 1996 and 1997 growing seasons. 
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Appendix 2: Grayson Lake vertical profiles by site, 1996. 
Bruin 1 29-Mar-96 Bruin 2 29-Mar-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 7.92 156 7.48 11.25 0 8.22 161 7.63 10.7 
1 7.76 158 7.51 10.54 1 8.18 166 7.64 10.5 
2 7.51 164 7.51 10.27 2 8.12 164 7.8 10.3 
3 7.07 150 7.54 10.24 3 7.95 219 7.7 10.2 
4 6.72 147 7.54 10.23 4 7.56 249 7.66 9.73 
5 6.51 143.6 7.55 10.3 · 4.25 7.56 250 7.68 9.5 
6 6.39 146.4 7.54 10.3 
7 6.66 180 7.48 8.9 
Deer1 29-Mar-96 Deer2 29-Mar-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 8.31 125.8 7.72 10.41 0 8.33 124.6 7.76 10.43 
1 8.05 126.5 7.71 10.25 1 8.05 124.8 7.75 10.44 
2 7.33 130.7 7.69 9.97 2 7.5 127.3 7.75 10.27 
3 7.13 130.8 7.67 9.75 3 6.97 127.2 7.73 10.1 
4 7.05 130.7 7.65 9.44 4 6.9 127.9 7.7 9.89 
5 6.84 131 7.63 9.69 5 6.81 127.8 7.69 9.75 
6 6.67 131 7.62 9.54 5.1 6.76 128.6 7.67 9.56 
7 6.43 132.5 7.61 9.6 
8 6.08 133.2 7.6 9.57 
9 6.47 138.1 7.59 9.54 
10 5.39 138.4 7.59 9.49 
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Bruin 1 12-Apr-96 Bruin 2 12-Apr-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 11 146.7 7.23 11.36 0 10.64 161 7.13 11.42 
1 10.62 147.9 7.28 11.43 1 10.44 161 7.19 11.49 
2 10.53 148 7.32 11.31 2 10.09 158 7.247 11.38 
3 10 144.6 7.33 11.15 3 9.07 153 7.26 10.61 
4 9.3 138.8 7.33 10.83 4 8.86 157 7.24 10.46 
5 8.97 139.6 7.31 10.36 5 8.78 163 7.22 10.38 
6 8.76 143.6 7.28 10.51 6 8.61 205 7.18 10.66 
7 8.6 151 7.23 10.25 
8 8.56 174 7.18 10.09 
9 8.49 185 7.15 9.47 
10 8.41 198 7.08 6.6 
Deer 1 12-Apr-96 Deer2 12-Apr-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 10.93 138.9 7.2 11.6 
Bruin 1 19-Apr-96 Bruin 2 19-Apr-96 
Depth Temp Conduct. pH DO Depth Temp conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 12.57 144.7 7.16 10.58 0 12.67 169 7.01 10.57 
1 12.5 144.7 7.12 10.57 1 12.47 168 6.96 10.22 
2 12.24 145.8 7.1 10.31 2 11.83 160 6.87 10.14 
3 11.81 143.3 7.02 10.47 3 10.15 139.9 6.93 9.77 
4 11.52 141.6 7.03 10.23 4 9.9 158 6.91 9.27 
5 9.8 138.7 7.047 9.64 5 9.77 176 6.92 9.02 
6 9.57 143.5 7.09 9.18 6 9.79 185 6.91 8.69 
7 9.07 154 7.1 8.85 7 9.77 196 6.89 8.29 
8 8.84 158 7.13 8.61 
8.9 8.79 163 7.16 7.91 
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Deer 1 19-Apr-96 Deer2 19-Apr-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s PEJm m Celsius micro-s ppm 
0 15.05 132.6 7.32 10.96 0 14.86 130.9 7.33 10.86 
1 14.71 132.6 7.31 10.77 1 13.99 129.7 7.14 11.15 
2 14.01 133.3 7.26 10.36 2 13.56 129.9 7.2 10.99 
3 13.62 134.5 7.18 10.72 3 13.05 122.5 7.19 10.3 
4 12.63 134.2 7.17 10.69 4 12.44 131 7.16 10.01 
5 12.45 133.5 7.13 1.55 5 11.79 128.6 7.21 9.88 
6 12.86 132.2 7.15 1.5 6 11.23' 128.9 7.23 9.96 
7 7 10.69 127.5 7.26 9.88 
8 7.5 10.49 128.9 7.3 9.04 
9 9.59 129.9 7.2 9.2 
10 8.61 128.9 7.26 8.5 
Bruin 1 26-Apr-96 Bruin 2 26-Apr-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 14.96 162 7.44 10.75 0 14.77 172 7.58 11.02 
1 14.86 163 7.4 10.58 1 14.5 172 7.59 10.84 
2 14.75 163 7.37 10.23 2 14.27 170 7.57 10.51 
3 14.48 159 7.34 9.88 3 14.23 171 7.55 1.48 
4 14.28 158 7.32 9.6 4 14.12 167 7.52 10.44 
5 13.77 156 7.31 9.59 5 13.19 172 7.49 9.6 
6 11.44 160 7.33 8.21 6 11.81 177 7.46 8.2 
7 10.38 158 7.36 8.11 
8 9.75 156 7.41 7.73 
9 9.52 155 7.47 7.44 
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Deer 1 26-Apr-96 Deer2 26-Apr-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
o 16.95 138.8 7.36 9.94 o 17.03 134.6 7.58 9.93 
1 16.94 137.5 7.35 9.78 1 16.3 134.3 7.57 9.97 
2 16.45 136.5 7.34 9.83 2 16.05 134.7 7.55 10.19 
3 16.13 136.7 7.32 9.66 3 15.95 134.1 7.53 9.92 
4 15.66 139.2 7.29 9.72 4 15.83 133.7 7.51 9.75 
5 15.46 142.3 7.27 . 9.72 5 15.3 132.5 7.5 9.66 
6 14.93 137.9 7.26 9.52 6 14.25 129.9 7.49 9.39 
7 14.13 134.7 7.25 9.18 7 12.57 131.5 7.47 9.08 
8 11.22 134.6 7.28 8.95 7.8 11.39 132.9 7.46 8.21 
9 10.7 133.5 7.29 8.84 
10 9.98 137.3 7.32 8.62 
11 7.84 133.7 7.34 7.6 
12 6.64 140.6 7.35 5.45 
13 6.64 140.4 7.39 4.29 
Bruin 1 3-May-96 Bruin 2 3-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
o 17.32 160 8 10.11 o 17.35 165 8.53 10.49 
1 16.92 158 7.95 10.15 1 16.6 163 8.45 10.85 
2 15.9 158 7.95 9.7 2 15.33 163 8.21 10.89 
3 14.65 158 7.91 10.34 3 14.47 167 7.94 10.52 
4 14.42 158 7.59 9.59 4 14.35 170 7.72 10.24 
5 13.95 168 7.58 8.69 5 14.04 181 7.53 9.74 
6 13.34 181 7.57 7.5 6 13.23 235 7.42 7.59 
7 12.45 179 7.62 66.8 
8 10.36 150 7.73 6.23 
9 10.12 157 7.8 5 
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Deer 1 3-May-96 Deer2 3-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s · ppm m Celsius- micro-s ppm 
o 18.85 138.6 7.55 9.41 o 19.19 138.7 7.63 9.19 
1 17.66 139 7.54 9.42 1 17.56. 137.9 7.63 9.11 
2 16.3 138.2 7.49 9.44 2 16.25 137.4 7.6 9.49 
3 15.81 140.2 7.45 · 9.35 3 16 137.3 7.57 9.09 
4 15.66 143.4 7.39 9.22 4 15.69 136.7 7.52 8.83 
5 14.99 139.6 7.35 8.53 5 15.02 130.9 7.48 8.14 
6 13.97 140.5 7.36 8.13 6 14.09 133.6 7.52 7.7 
7 13.25 137.7 7.37 7.8 7 11.7 135.3 7.6 6.96 
8 11.57 135.6 7.42 7.08 7.5 11.67 135.5 7.63 6.1 
9 10.31 134.5 7.48 7.14 
9.8 9.66 134.4 7.53 6.96 
Bruin 1 9-May-96 Bruin 2 9-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
o 19.56 146.3 7.87 10.47 o 19.51 148 7.79 10.51 
1 19.36 146.3 7.95 10.45 1 18.09 146.2 7.77 9.69 
2 16.76 135.3 7.87 7.76 2 16.2 152 7.68 8.43 
3 15.43 148.8 7.75 7.72 3 15.43 158 7.6 7.72 
4 15.2 149 7.64 7.69 4 15.16 152 7.54 7.71 
5 14.95 154 7.57 7.91 5 14.97 148.6 7.48 7.93 
6 14.69 154 7.52 8.16 6 14.83 112.6 7.46 7.83 
7 14.69 130.5 7.5 7.2 7 14.65 118.3 7.39 7.75 
8 14.75 108.8 7.42 6.69 8 14.55 128.1 7.33 7.72 
9 14.7 103.4 7.35 6.45 9 14.45 142.1 7.27 7.7 
10 14.64 104.9 7.31 6.56 10 14.3 189 7.2 6.69 
11 14.47 129.9 7.24 6.95 10.2 14.3 190 7.17 6.03 
12 14.4 138.9 7.22 7.18 
13.1 14.17 132.1 7.2 5.49 
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Deer 1 9-May-96 Deer2 9-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius · micro-s ppm 
0 20.74 137.3 7.44 9.09 0 21.46 134 7.63 9.2 
1 20.4 137.4 7.44 9.28 1 19.96 133 7.62 9.28 
2 19.35 139 7.45 9.26 2 18.69 134.8 7.64 9.43 
3 17.7 132.3 7.51 9.48 3 16.96 126.7 7.6 8.02 
4 15.72 144.7 7.51 9.09 4 15.69 134.3 7.56 8.32 
5 15.23 155 7.48 8.46 5 15.17 145.7 7.53 8.6 
6 14.93 147 7.45 8.46 6 15 143.9 7.5 8.63 
7 14.77 149 7.41 8.5 7 14.75 140.9 7.46 8.35 
8 14.5 149.7 7.38 8.5 8 14.62 138.7 7.43 8.18 
9 14.39 143.4 7.36 8.45 9 14.4 136.4 7.4 8.14 
10 14.19 144.1 7.34 8.09 10 14.24 133.6 7.38 7.87 
11 13.69 139.1 7.33 7.94 11 13.83 129.2 7.34 7 
12 12.5 133.3 7.27 6.7 12 13.23 123.5 7.26 6.01 
13 11.4 135.3 7.23 6.69 12.7 12 133 7.17 4.42 
13.3 11.1 135.9 7.18 5.48 
Bruin 1 13-May-96 Bruin 2 13-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s eem 
0 16.9 128.7 7.27 8.41 0 17.18 139.2 7.19 8 
1 16.6 128.3 7.25 8.1 1 15.87 141.6 7.19 7.45 
2 15.3 113 7.27 7.18 2 15.35 128.7 7.15 6.55 
3 15.08 110.8 7.24 6.86 3 15.02 119 7.14 6.62 
4 15.07 110.6 7.21 6.93 4 14.93 128.3 7.09 6.45 
5 14.92 110.5 7.17 6.64 5 14.72 138.4 7.05 6.94 
6 14.8 114.6 7.14 6.5 6 14.22 137.8 7.06 7.8 
7 14.62 125.1 7.11 6.42 7 13.78 130.9 7.08 8.05 
8 14.5 131.9 7.08 6.32 8 13.56 125.9 7.08 8.34 
9 14.48 144.7 7.05 6.44 9 13.36 118.5 7.1 8.55 
10 14.22 147 7.04 6.12 9.5 13.36 119.2 7.1 7.82 
11 14.14 177 7.01 6 
11.6 14.06 172 7.01 4.95 
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Deer 1 13-May-96 Deer2 13-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct: pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
0 18.31 116.7 7.15 8.46 0 18.84 120.2 7.32 8.31 
1 17.12 117.5 7.16 8.16 1 16.59 115.2 7.32 7.63 
2 16.6 115.7 7.18 7.71 2 16.25 114.1 7.32 7.37 
3 16.23 109.6 7.18 7.36 3 15.85 120 7.29 6.97 
4 15.5 108.5 7.16 6.73 4 15.6 120.6 7.26 6.8 
5 15.15 107.4 7.13 6.35 5 15.3 122.1 7.22 6.95 
6 14.93 116.2 7.1 6.42 6 14.93 124.9 7.2 6.95 
7 14.82 122.9 7.07 6.55 7 14.79 121.9 7.17 7.14 
8 14.65 126.4 7.05 6.56 8 14.55 121.6 7.14 6.71 
9 14.48 124.2 7.04 6.69 9 13.97 99.7 7.14 7.26 
10 14.2 113.8 7.04 6.89 10 13.46 76.5 7.16 7.94 
11 13.82 123.3 7.07 6.16 10.8 13.31 75.1 7.13 6.66 
12.2 13.57 114.4 7.01 5.56 
Bruin 1 23-May-96 Bruin 2 23-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s eem 
0 23.09 130 7.14 8.25 0 22.14 147.4 7.17 8.31 
1 22.07 129.9 7.12 8.18 1 21.91 146 6.87 7.72 
2 16.87 128.6 6.92 6.65 2 16.45 161 6.89 5.73 
3 14.82 124.5 6.78 5.7 3 14.67 149 6.81 5.31 
4 14.22 139.3 6.75 6.05 4 14.09 164 6.77 5.11 
5 13.36 131.2 6.78 6.56 5 13.29 140.7 6.78 5.63 
6 13.2 121.5 6.78 6.44 6 13.15 132.5 6.76 5.34 
7 13.05 116.2 6.77 6.37 7 12.92 129.3 6.74 4.51 
8 12.93 108.2 6.75 6.66 7.3 12.92 128.7 6.72 4.01 
8.5 12.85 106.4 6.74 6.19 
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Deer1 23-May-96 Deer2 23-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s · [l[lm m Celsius micro-s ppm 
0 24.5 122.4 7.6 9.41 0 23.99 122.1 7.5 9.29 
1 23.29 122 7.61 9.31 1 23.59 121.4 7.45 8.89 
2 16.44 123.7 7.26 6.34 2 15.48 122.6 7.13 6.1 
3 15.08 117.4 7.04 5.91 3 14.77 119.8 6.95 5.84 
4 14.65 118.9 6.95 6.15 4 14.42 117.5 6.79 5.97 
5 14.42 121.9 6.88 6.14 5 14.27 116.9 6.71 5.76 
6 14.15 119.1 6.84 6.06 6 14.07 116.4 6.66 6.01 
7 13.91 120.5 6.81 6.04 7 13.79 113.3 6.65 6.25 
7.8 13.71 121.5 6.79 5.52 8 13.58 111.8 6.63 6.04 
9 13.26 110.6 6.59 5.28 
9.3 13.23 111.3 6.58 4.36 
Bruin 1 31-May-96 Bruin 2 31-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s [l[lm 
0 21.79 139.1 7.43 9.08 0 21.4 144.3 7.31 9.07 
1 21.08 138.8 7.4 9.15 1 21.13 144.5 7.36 8.25 
2 20.87 138.3 7.3 8.94 2 20.84 150.1 7.19 7.82 
3 19.12 166 7.04 8.07 3 19.14 174 7.05 6.79 
4 17.52 142.3 6.92 7.33 4 17.82 171 6.99 6.57 
5 16.49 140.4 6.86 8.21 5 16.19 144.8 6.89 5.69 
6 14.97 133.8 6.77 8.24 6 15.23 156.2 6.77 3.87 
7 14.07 138.7 6.73 8.72 7 13.97 172 6.72 2.04 
8 13.64 146.3 6.72 8.46 7.1 13.92 173.2 6.71 1.61 
9 13.36 149.7 6.71 7.78 
9.5 13.05 158 6.72 7.26 
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Deer 1 31-May-96 Deer2 31-May-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
0 23.36 119.3 7.48 8.32 0 23.25 118.8 7.5 8.81 
1 21.52 118.9 7.56 8.53 1 21.66 118.4 7.53 9.08 
2 20.85 118.1 7.46 8.43 2 21.06 116.7 7.43 8.58 
3 17.87 118.3 6.99 5.61 3 17.84 110.2 6.95 7.23 
4 16.12 118.6 6.83 5.12 4 16.13 118.8 6.81 6.64 
5 15.15 119.3 6.75 4.69 5 14.67 118.9 6.74 6.53 
6 14.45 118.8 6.69 4.85 6 14.19 117.8 6.67 6.31 
7 13.94 117.9 6.65 4.64 7 13.56 118.9 6.65 6.04 
8 13.38 117.8 6.67 5.05 7.7 13.43 118.7 6.63 5.81 
8.1 13.31 118.2 6.66 4.62 
Bruin 1 6-Jun-96 Bruin 2 6-Jun-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s eem 
0 23.27 151 8.92 10.95 0 23.11 149 8.85 11.05 
1 22.78 152 8.86 1.51 1 22.09 149 8.97 10.36 
2 21.41 150 8.11 9.07 2 21.15 158 8.49 10.59 
3 19.71 167 7.6 6.96 3 19.39 194 7.75 8.71 
4 17.32 168 7.16 5.18 4 17.72 218 7.35 7.93 
5 16.64 142.5 7.08 4.41 5 16.67 177 7.24 7.56 
6 15.28 129.5 6.94 3.83 6 15.62 182 7.06 5.83 
7 14.39 143.6 6.86 4.07 6.9 14.87 193 7.02 4.55 
8 13.49 145.4 6.84 3.43 
8.7 13.31 148.1 6.82 2.87 
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Deer 1 6-Jun-96 Deer2 6-Jun-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s EJEJm m Celsius micro-s ppm 
0 25.24 120.6 8.42 9.47 0 25.04 120.5 8.44 9.41 
1 23.76 121.3 8.37 9.22 1 24.72 120.1 8.52 9.58 
2 23.18 121.4 8.15 9.04 2 22.75 119.3 8.21 9.31 
3 21.96 122.6 7.94 8.55 3 20.96 116.8 7.79 8.61 
4 18.45 130.8 7.36 5.16 4 18.04 120.3 7.22 4.91 
5 17.19 127.4 7.02 4.54 5 17.01 117.5 7.02 4.32 
6 15.88 122.6 6.92 4.32 6 15.72 118.4 6.92 3.91 
6.8 14.95 119.4 6.81 3.67 7 14.12 121.3 6.84 3.03 
8 13.54 123.6 6.78 2.53 
8.2 13.53 122.4 6.76 2.24 
Bruin 1 13-Jun-96 Bruin 2 13-Jun-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s EJEJm 
0 25.78 149.4 8.74 10.01 0 26.23 154 8.85 9.94 
1 25.45 148.5 8.85 9.8 1 25.02 151 8.98 10.1 
2 23.29 150 8.68 8.9 2 23.2 16 8.87 9.56 
3 21.81 172 8.51 8.17 3 21.44 193 8.32 6.31 
4 20.35 199 8.38 5.14 4 19.85 213 8.09 4.98 
5 18.41 170 8.21 4.23 5 18.26 199 7.89 4.08 
6 17.37 155 8.2 4.03 6 17.58 200 7.85 3.33 
7 16.85 145.4 8.1 3.43 6.5 17.31 216 7.71 1.95 
8 16.26 160 7.92 2.75 
9 14.91 189 7.81 1.44 
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Deer 1 13-Jun-96 Deer2 13-Jun-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius . micro-s ppm 
0 26.35 121.4 7.38 8.1 0 25.8 118 7.23 7.89 
1 25.43 121.5 7.41 8.04 1 24.99 117.6 7.35 8 
2 24.8 121.5 7.43 8.09 2 24.75 117 .. 3 7.43 8.15 
3 23.91 119.3 7.46 8.31 3 23.33 115.7 7.37 7.99 
4 20.67 122.8 7.42 6.86 4 20.49 106.3 7.26 5.54 
5 18.75 139.6 7.33 4.89 5 19 122.2 7.06 3.88 
6 17.81 139.4 7.38 3.79 6 17.46 128 7.08 3.26 
7 16.94 130 7.34 3.32 7 16.7 119.4 7.03 2.51 
8 14.85 117.8 7.32 3.01 7.3 16.72 120.5 6.97 1.89 
9 14.03 116 7.28 3.36 
10.2 13.51 115.2 7.23 3.66 
Bruin 1 19-Jun-96 Bruin 2 19-Jun-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s eem 
On/a n/a n/a n/a 
1 29.28 123.4 7.96 7.29 
2 28.01 120.6 8.11 8.09 
3 22.61 113.6 8.13 8.91 
4 20.11 117.8 7.84 4.51 
5 19.02 133.7 7.59 3.17 
6 18.29 128.9 7.51 2.45 
7 17.27 123.2 7.41 1.65 
8 16.52 123.7 7.21 0.59 
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Deer 1 19-Jun-96 Deer2 .19-Jun-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
0 30 127.2 7.64 7.2 
1 29.74 127.2 7.56 7.21 
2 28.34 123.6 7.44 7.84 
3 22.31 129 7.23 8.82 
4 19.97 149 7.01 4.37 
5 18.91 150.3 7 3.06 
6 17.92 132.6 7.02 2.16 
7 17 127.4 7.06 2.08 
7.6 16.48 123.3 7.14 1.43 
Bruin 1 27-Jun-96 Bruin 2 27-Jun-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s eem 
0 27.7 147 8.69 8.81 0 27.77 156 8.71 9.19 
1 27.37 150 8.83 8.93 1 27.18 154 8.88 8.41 
2 26.93 151 8.93 8.62 2 26.95 154 8.82 7.95 
3 24.83 157 7.86 4.94 3 24.83 182 7.82 4.95 
4 22.26 155 7.45 3.33 4 22.37 142.1 7.44 3.75 
5 20.99 157 7.22 2.68 5 20.98 137.8 7.24 3.64 
5.4 20.98 154 7.21 2.25 6 19.6 154 7.12 0.55 
6.5 18.81 173 7.04 0.13 
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Deer 1 27-Jun-96 Deer2 27-Jun-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
0 28.75 128.5 7.99 7.87 0 28.87 124.9 8.12 7.83 
1 27.24 127.8 8.14 8.13 1 27.72 124.7 8.13 8.22 
2 26.47 131.6 8.11 8.44 2 26.87 124.6 8.1 8.35 
3 23.74 143.6 7.82 8.97 3 23.65 118.7 7.62 8.22 
4 21.79 137.5 7.48 5.63 4 21.7 130.8 7.31 7.03 
5 20.38 144.5 7.22 3.77 5 20.02 125.5 7.06 5.04 
6 18.83 150.2 7.05 2.06 6 18.57 132.3 6.94 3.82 
7 17.43 140.5 6.96 1.23 7 17.55 130.9 6.87 3.08 
8 16.24 129.6 6.9 0.91 7.6 16.86 130.2 6.83 2.89 
9 15.35 126.6 6.86 1 
9.5 14.52 123.7 6.84 0.92 
Bruin 1 2-Jul-96 Bruin 2 2-Jul-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s eem 
0 29.7 152 8.62 8.59 0 29.56 155 8.75 8.52 
1 29.44 153 8.59 8.71 1 29.48 156 8.79 8.88 
2 28.61 151 8.29 8.65 2 28.05 169 7.95 8.28 
3 25.06 166 7.28 4.37 3 24.78 196 7.22 1.88 
4 22.28 157 6.85 0.74 4 22.39 142.3 6.88 0.88 
5 20.8 147.1 6.61 0.11 5 20.8 139.3 6.75 0.19 
6 19.57 160 6.58 0.13 6 19.36 162 6.73 0.13 
7 18.26 179 6.57 0.12 6.6 18.52 180 6.78 0.19 
8 16.92 192 6.61 0.11 
9 15.87 211 6.66 0.08 
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Deer 1 2-Jul-96 Deer2 2-Jul-96 
Depth Temp Conduct. pH DO Depth Temp . Conduct. pH DO 
m Celsius micro-s pem m Celsius micro-s ppm 
0 30.68 132.7 7.83 7.71 0 30.85 129.7 7.96 7.58 
1 30.25 132.6 7.95 8.09 1 30.02 130.1 7.96 7.65 
2 29.46 132.4 8 8.01 2 28.7 127.7 7.98 8.18 
3 25.52 135.4 8.12 10.49 3 25.73 124.2 7.59 9.3 
4 22.23 146.8 7.28 5.87 4 22 127.8 7.13 4.56 
5 20.5 148.9 6.87 2.99 5 20.21 129.1 6.81 2.4 
6 18.93 147.1 6.69 1.37 6 18.84 133.4 6.64 0.93 
7 17.79 147.9 6.58 0.77 7 17.75 133.6 6.53 0.19 
8 16.49 135.1 6.53 0.51 7.4 17.34 133.1 6.5 0.18 
9 15.68 129.8 6.48 0.53 
9.4 14.77 127.1 6.44 0.42 
Bruin 1 11-Jul-96 Bruin 2 11-Jul-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s eem 
0 27.2 156 8.39 7.58 0 27.3 161 7.39 8.67 
1 27.1 156 8.59 7.77 1 27.2 162 7.65 8.79 
2 26.9 159 8.6 7.69 2 27.2 162 7.48 8.79 
3 26.7 168 8.33 5.21 3 26.8 175 8.4 5.24 
4 24.1 159 7.83 0.17 4 24.1 161 7.86 0.09 
4.7 22.8 156 7.63 0.12 5 22 165 7.68 0.06 
6 21 170 7.56 0.04 
6.3 19.7 176 7.52 0 
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Deer1 11-Jul-96 Deer2 11-Jul-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ()()m m Celsius micro-s ppm 
o 27.4 131.3 8.24 6.96 o 21:6 129.7 8.26 7.18 
1 27.3. 131.6 8.37 7.69 1 27.4 129.7 8.31 7.42 
2 27.1 131.6 8.44 7.77 2 27.3 129.6 8.36 7.11 
3 26.3 138.5 8.4 8.74 3 25.8 135.1 8.27 8.14 
4 22.5 134.6 7.9 4 4 23.2 131 8.05 4.76 
5 21.1 138.9 7.73 1.29 5 20.3 133.3 7.77 0.28 
6 19.2 142.9 7.59 0.1 6 18.6 133.5 7.61 0.06 
7 17.7 146.3 7.5 o 7 17.5 134 7.54 0.03 
8 16.5 144.9 7.43 o 8.1 16.7 136.2 7.45 0.01 
8.6 16.1 133.5 7.41 o 
Bruin 1 18-Jul-96 Bruin 2 18-Jul-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ()()m 
o 28.1 157 8.53 8.53 o 27.77 157 8.58 8.64 
1 28.06 155 8.51 8.04 1 27.74 157 8.63 8.69 
2 27.26 156 8.38 7.76 2 27.03 163 8.39 7.76 
3 26.04 175 7.36 2.41 3 26.08 172 7.56 5.03 
4 24.52 171 6.92 0.2 4 24.47 200 7.13 2.86 
5 22.48 163 6.78 0.1 5 22.46 194 6.93 0.69 
6 20.59 160 6.69 0.11 6 20.52 170 6.85 0.38 
7 18.84 176 6.69 0.08 7 19.05 183 6.89 0.25 
8 17.38 187 6.75 0.11 7.2 18.55 196 6.91 0.18 
9 16.35 193 6.78 0.09 
9.1 16.5 204 6.82 0.07 
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Deer1 18-Jul-96 · Deer2 18-Jul-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s pem m Celsius micro-s ppm 
0 29.25 139.2 7.98 7.84 0 29.02 137.6 8.14 7.83 
1 28.85 139 8.01 7.48 1 28.79 137.3 8.07 7.86 
2 28.71 138.7 8.02 7.3 2 28.36 137.1 8.14 8.09 
3 27.7 136.4 8.01 7.58 3 27.47 135.2 8.22 7.94 
4 25.61 139.9 7.48 6.65 4 25.41 134.9 7.38 6.05 
5 22.5 158 7.04 2.15 5 22.69 140.8 6.83 2.82 
6 20.61 148.1 6.81 0.25 6 20.71 141.9 6.63 1.4 
7 18.89 144.2 6.71 0.13 7 19.34 142.7 6.59 1.35 
8 17.26 147.5 6.68 0.12 8 16.98 144.7 6.61 1.32 
9 16.05 146.3 6.67 0.11 8.8 16.22 148.4 6.64 1.42 
9.5 15.38 138.2 6.67 0.09 
Bruin 1 26-Jul-96 Bruin 2 26-Jul-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s eem 
0 26.63 159 8.31 8.53 0 26.63 163 8.24 7.81 
1 26.06 156 8.33 8.07 1 25.83 162 8.29 7.95 
2 25.95 155 8.32 8.13 2 25.73 162 8.12 7.7 
3 25.39 163 7.36 2.94 3 25.35 183 7.25 3.93 
4 23.92 171 6.9 0.9 4 23.87 196 6.94 1.42 
5 22.76 175 6.81 0.43 5 22.71 168 6.79 0.16 
6 21.96 157 6.77 0.78 6 22.07 175 6.75 0.1 
7 21.34 160 6.73 0.19 7 21.54 194 6.85 0.1 
8 19.62 176 6.75 0.14 
9 17.77 184 6.81 0.12 
9.5 16.62 209 6.86 0.1 
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Deer 1 26-Jul-96 Deer2 26-Jul-96 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s (J(Jm m Celsius micro-s ppm 
0 27.01 138.4 8.08 8.05 0 27.16 137.2 7.94 8.19 
1 26.65 139 8.12 8.03 1 27.05 137.6 8 8.16 
2 26.5 138.2 8.05 7.85 2 26.46 · 136.1 8.08 7.95 
3 26.12 136.4 7.83 7.65 3 26.19 135.5 8.02 8.15 
4 24.74 153 7.02 0.48 4 24.71 127.5 7.16 4.02 
5 253.18 162 6.85 0.14 5 23.32 132.8 6.78 1.06 
6 22.21 159 6.78 0.11 6 22.1 138.2 6.66 0.67 
7 20.71 153 6.72 0.12 7 20.8 144.2 6.61 0.66 
7.5 19.96 161 6.68 0.09 8 19.27 145.6 6.59 0.57 
8.3 19.08 146 6.58 0.58 
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Appendix 2: Grayson Lake vertical profiles by site, 1997. 
Bruin 1 12-Apr-97 Bruin 2 12-Apr097 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius r:nicro-s ppm 
0 12.11 167 0 · 12.23 176 7.45 10.53 
10 10.48 214 7.13 5.44 8.5 11.29 194 7.2 7.43 
Deer 1 12-Apr-97 Deer2 12-Apr-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 12.87 145 7.63 10.85 0 13 143 7.48 10.37 
1 12.81 144.7 7.57 10.86 1 13 143 7.47 10.56 
2 12.69 144.5 7.54 10.84 2 12.97 143 7.44 10.36 
3 12.64 144.6 7.52 10.88 3 12.93 142.9 7.44 10.49 
4 12.64 144.1 7.51 10.86 4 12.95 143 7.44 10.43 
5 12.61 144.5 7.49 10.88 5 12.95 142.3 7.43 10.45 
6 11.23 142.5 7.46 9.18 6 11.92 142.4 7.34 7.98 
7 10.84 141.4 7.4 8.7 
8 10.16 138.6 7.31 7.42 
9 9.76 138.9 7.22 6.76 
Bruin 1 25-Apr-97 Bruin 2 25-Apr-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 13.91 172 7.58 10.77 0 14.24 183 7.61 10.8 
1 13.71 171 7.58 10.87 1 13.93 184 7.6 10.45 
2 13.41 167 7.58 10.3 2 13.66 184 7.59 10.64 
3 13.32 169 7.55 10.42 3 13.58 179 7.58 10.36 
4 12.9 171 7.49 9.95 4 12.85 225 7.45 8.34 
5 11.52 184 7.38 8.57 5 12.13 231 7.24 5.28 
6 11.31 189 7.29 7.61 5.5 11.49 224 7.12 4 
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Deer 1 25-Apr-97 Deer2 25-Apr-97 . 
Depth Temp Conduct. pH DO Depth Temp Con.duct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 13.61 145 7.44 10.28 0 12.94 144.9 7.43 10.29 
1 13.45 145.7 7.41 10.32 1 13.73 144.6 7.42 10.04 
2 13.09 147 7.39 10.21 · 2 13.93 145.5 7.4 10.18 
3 12.84 148.1 7.38 10.1 3 12.87 149 7.39 10.14 
4 12.38 148.6 7.33 9.05 4 12.03 148.9 7.32 8.59 
5 11.23 148.3 7.22 7.64 5 11.16 145 7.22 7.4 
6 10.54 143.9 7.12 6.68 6 10.52 143.8 7.11 6.01 
7 10.07 143.2 7.01 6 7 10.23 143.3 7 5.6 
8 9.79 143.3 6.94 5.64 7.5 10.02 143.5 6.93 4.89 
9 9.67 143.2 6.89 5.43 
Bruin 1 2-May-97 Bruin 2 2-May-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 15.4 176 7.83 10.87 0 15.2 181 7.87 10.79 
1 15.22 175 7.78 10.7 1 15.12 182 7.85 10.79 
2 14.79 177 7.71 9.52 2 15.04 184 7.82 10.56 
3 13.38 187 8.81 7.6 3 14.01 208 7.67 8.51 
4 11.9 198 7.52 7.64 4 11.75 214 7.5 4.93 
5 10.93 196 7.4 5.69 5 11.52 212 7.39 4.11 
6 10.79 189 7.28 4.62 
Deer 1 2-May-97 Deer2 2-May-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 15.57 147.6 7.62 10.37 0 15.67 147 7.7 10.58 
1 15.56 148.2 7.56 10.24 1 15.66 147.1 7.65 10.36 
2 15.52 148.2 7.56 10.04 2 15.57 147.3 7.62 10.3 
3 15.49 149.2 7.55 10.2 3 15.47 147 7.61 10.18 
4 14.82 149.6 7.51 9.54 4 14.64 146.2 7.57 9.54 
5 11.47 147.7 7.4 6.98 5 13 147.2 7.48 8.58 
6 11.05 146.1 7.32 6.62 6 11.02 146.5 7.39 6.54 
7 10.56 147.1 7.23 5.02 7 10.46 145.4 7.22 5.4 
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Bruin 1 9-May-97 Bruin 2 9-May-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius. micro-s EJEJm ·m Celsius micro-s EJEJm 
0 16.75 175 8.46 10.47 0 16.53 178 8.76 10.89 
1 16.75 176 8.5 10.9 1 16.55 179 8.75 11.19 
2 16.73 174 8.49 10.66 2 16.41 177 8.55 10.78 
3 15.8 175 8.09 9.16 3 15.65 188 8.59 10.84 
4 15.21 180 8 9 4 . 14.98 197 8.09 10.45 
4.2 14.99 178 7.93 8.06 5 14.4 205 7.93 9.3 
6 12.86 192 7.67 7.21 
6.6 12.4 195 7.63 6.8 
Deer 1 9-May-97 Deer2 9-May-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 17.32 140.7 7.83 9.81 0 17.25 134.7 8.18 9.86 
1 17.33 140.7 7.84 9.57 1 17.25 140 8.13 9.73 
2 17.33 140.7 7.83 9.7 2 17.24 139.6 8.09 9.38 
3 17.1 140.7 7.8 9.14 3 16.67 140.7 8.02 8.82 
4 16.16 140.9 7.72 8.68 4 16.33 140.9 7.94 8.56 
5 15.48 138.8 7.6 7.84 5 15.93 138.1 7.86 7.81 
6 12.62 138.1 7.49 5.64 6 13.61 138.1 7.68 6.04 
7 11.86 137.1 7.42 5.14 7 11.93 136.5 7.6 5.07 
8 11.08 136.6 7.38 4.62 8 11.21 137.1 7.54 4.24 
9 10.67 135.6 7.36 4.19 8.6 10.9 138.4 7.49 3.49 
10 10.47 138.5 7.32 3.35 
Bruin 1 16-May-97 Bruin 2 16-May-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s EJEJm m Celsius micro-s EJEJm 
0 15.76 187 8.93 11.81 0 16.21 186 9.05 11.81 
1 15.76 190 9.02 11.81 1 15.4 187 9.18 11.94 
2 15.56 188 8.99 11.5 2 15.2 189 9.17 11.73 
3 15.4 190 8.84 11.23 3 15.1 188 9.17 11.82 
4 15.24 188 8.76 10.83 4 14.64 212 8.66 9.5 
5 14.89 199 8.25 9.04 5 13.78 221 7.85 4.45 
6 12.84 197 7.82 4.51 
7 11.29 182 7.54 3.52 
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Deer 1 16-May-97 Deer2 16-May-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s ppm m Celsius micro-s ppm 
0 16.34 149.6 6.1 10.26 0 16.32 146.3 7.6 10.2 
1 16.31 145 6.04 10.05 1 . 16.31 149 7.67 10.26 
2 16.11 146 6.06 10.25 2 16.26 149 7.66 10.29 
3 15.67 150 6.06 10 3 16.16 149 7.93 10.03 
4 15.69 146 6 9.59 4 16.07 149 7.95 9.69 
5 12.36 146 7.79 5.5 5 15.64 146 7.9 9.75 
6 10.6 147 7.62 4.22 6 14.67 149 7.76 7.2 
7 10.4 147 7.5 3.56 7 12.34 149 7.49 3.55 
8 10.32 149 7.39 3.09 7.5 11.28 149 7.3 2.55 
Bruin 1 23-May-97 Bruin 2 23-May-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s eem 
0 19.38 192 8.31 10.31 0 19.71 195 8.35 10.06 
1 19.33 192 8.51 9.96 1 19.57 195 8.41 9.84 
2 19.05 193 8.52 10.14 2 19.04 195 8.41 9.56 
3 18.39 193 8.48 9.93 3 18.37 196 8.09 8.93 
4 16.47 195 7.43 8.84 4 16.32 195 7.83 8.39 
5 15.48 191 7.68 6.88 5 14.97 207 7.52 6.22 
6 14.29 219 7.31 4.29 
7 14.05 214 7.2 3.49 
Deer 1 23-May-97 Deer2 23-May-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
0 19.47 152 7.71 9.6 0 19.72 152 7.86 9.48 
1 19.02 154 7.85 9.56 1 19.38 152 7.85 9.23 
2 18.72 154 7.96 9.23 2 18.92 148 7.87 9.27 
3 16.98 150 8 9.8 3 16.99 149 7.96 10.03 
4 15.72 151 7.84 9.33 4 16.03 156 7.76 9.69 
5 15.19 151 7.67 8.53 5 14.92 148.3 7.49 7.45 
6 14.02 149 7.29 5.7 6 13.92 148.8 7.28 5.55 
7 12.08 148.7 7.06 3.9 7 12.09 147.9 7.06 3.19 
8 10.98 148.2 6.91 3.06 6 11.06 154 6.95 2.52 
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Bruin 1 6-Jun-97 Bruin 2 6-Jun-97 
Depth Temp Conduct. pH DO Depth Tell)p Conduct. pH DO 
m Celsius micro-s EJEJm m Celsius micro-s EJEJm 
0 20.88 192 8.82 10.76 0 20.76 196 8.7 10.79 
1 20.88 191 8.85 10.85 1 20.76 196 8.57 10.75 
2 20.76 190 8.81 9.6 2 20.46 187 8.2 9.79 
3 20.04 185 8.37 8.97 3 19.78 202 7.54 7.88 
4 18.01 204 7.75 5.35 4 18.29 222 7.14 4.14 
5 17.04 213 3.06 
6 16.15 209 7.21 2.98 
6.7 16.08 210 7.29 2.37 
Deer 1 6-Jun-97 Deer2 6-Jun-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
0 20.49 156 7.68 9.51 0 20.47 153 7.94 9.18 
1 20.45 158 7.71 9.24 1 20.41 153 7.91 9.32 
2 20.27 157 7.72 9.23 2 20.15 155 7.88 9.21 
3 18.87 176 7.66 9.97 3 19.03 170 7.85 9.87 
4 17.68 178 7.53 8.68 4 17.82 165 7.73 10 
5 16.96 182 7.28 7.15 5 16.69 158 7.52 8.33 
6 16.3 175 7.21 6.38 6 16.02 162 7.37 6.75 
7 15.65 161 7.18 6.3 7 15.63 156 7.27 6.05 
8 14.3 155 7.07 4.58 8 14.14 147.5 7.12 4.2 
9 13.26 144.4 6.98 2.82 9 13.05 151 7.03 1.58 
10 12.29 145.8 6.93 1.7 
11 11.85 144.8 6.9 1.33 
12 11.54 148.9 6.89 0.6 
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Bruin 1 16-Jun-97 Bruin 2 16-Jun-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s [l[lm m Celsius micro-s [l[lm 
0 22.14 180 8.87 13.33 0 22.53 187 12.63 
1 20.8 171 8.57 10.74 1 20.12 184 11.39 
2 19.34 169 8.12 9.08 2 18.49 162 8.78 
3 17.74 160 7.82 8.04 3 17.82 169 8.23 
4 17.36 148 7.64 7.45 4 17.36 170 8.05 
5 17.08 157 7.53 6.86 5 17.06 . 168 7.93 
6 16.71 172 7.35 
6.3 16.66 177 6.96 
Deer1 16-Jun-97 Deer2 16-Jun-97 
Depth Temp Conduct. pH DO Depth Temp · Conduct. pH DO 
m Celsius micro-s i:>em m Celsius micro-s ppm 
0 23.45 167 8.08 10.43 0 23.54 166 8.14 10.21 
1 23.3 168 8.17 9.81 1 23.2 167 8.2 9.86 
2 23.05 172 8.21 9.97 2 21.56 167 8.32 10.52 
3 19.36 169 8.04 10.36 3 18.81 179 8.06 9.91 
4 18.16 181 7.88 8.12 4 18.03 173 7.73 8.3 
5 17.28 177 7.67 7.01 5 17.31 174 7.62 7 
6 16.81 167 7.53 6.51 6 16.71 175 7.47 5.85 
7 16.17 180 7.37 5.18 7 16.2 178 7.36 5.22 
8 15.4 173 7.34 4.74 7.5 16.2 179 7.32 5.16 
9 14.78 168 7.23 4.27 
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Bruin 1 20-Jun-97 Bruin 2 20-Jun-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s eem 
0 24.7 166 8.89 11.52 0 24.56 170 12.17 9.21 
1 24.27 164 8.98 11.01 1 23.92 168 11.5 9.24 
2 21.13 166 8.52 10.06 2 21.4 - 175 10.91 8.91 
3 18.98 167 8.1 7.67 3 18.42 191 6.85 8.01 
4 17.41 159 7.78 5.56 4 17.33 158 5.57 7.75 
5 16.92 149.7 7.54 6.08 5 16.94 154 5.31 7.51 
6 16.64 156.1 7.41 6.3 6 16.72 155 5.06 7.35 
7 16.5 134.2 7.33 6.11 7 16.45 180 2.96 7.21 
8 16.29 161 7.2 4.3 
9 15.82 164 7.11 2.62 
Deer 1 20-Jun-97 Deer2 20-Jun-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
0 25.91 171 8.27 9.87 0 26.19 170 8.23 9.9 
1 24.78 170 8.49 9.63 1 24.63 171 8.41 9.33 
2 23.48 168 8.53 9.91 2 23.2 170 8.47 9 .. 84 
3 19.64 164 8.25 9.33 3 19.76 157 8.27 9.82 
4 17.86 158 7.91 7.07 4 17.8 162 7.96 7.21 
5 17.19 158 7.72 6.48 5 17.21 150 7.72 6.46 
6 16.81 172 7.56 5.94 6 16.89 159 7.55 5.73 
7 16.25 159 7.4 4.77 6.7 16.32 165 7.41 5.02 
8 15.68 177 7.24 4.29 
9 15.32 162 7.19 3.91 
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Bruin 1 27-Jun-97 Bruin 2 27-Jun-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s eem 
0 27.29 160 8.1 7.87 0 26.99 168 8.54 9.96 
1 27.24 161 8.14 8.08 1 26.99 166 8.57 8.87 
2 25.28 178 8.37 10.19 2 26.49 180 8.52 8.47 
3 20.45 161 8.21 9.26 3 20.99 211 7.68 6.9 
4 17.94 151 7.7 5.44 4 18.18 172 7.44 4.53 
4.5 17.65 151 7.48 4.57 5 17.16 160 7.31 3.3 
6 16.82 177 7.14 1.45 
7.1 16.49 179 7.02 0.79 
Deer 1 27-Jun-97 Deer2 27-Jun-97 
Depth Temp Conduct. pH DO Depth Temp Conduct. pH DO 
m Celsius micro-s eem m Celsius micro-s ppm 
0 28.12 171 8.01 8.05 0 28.12 170 8.01 8 
1 28.05 169 8.05 7.83 1 28.03 171 8.03 7.87 
2 27.74 171 8.03 8.89 2 27.91 170 8.05 7.59 
3 19.93 154 8.17 10.45 3 20 153 8 10.11 
4 17.84 153 7.81 6.83 4 17.65 157 7.55 6.06 
5 17.06 156 7.55 5.36 5 17.16 157 7.38 4.79 
6 16.67 155 7.35 4.65 6 16.6 157 7.21 3.76 
7 16.27 160 7.18 3.72 7 16.27 157 7.11 2.83 
8 15.63 169 7.07 2.66 8 15.57 158 7.01 1.52 
9 15.37 169 7.02 2.32 8.8 15.37 162 6.96 1.28 
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Appendix 3. Grayson Lake phytoplankton lists for the 1995 and 1996 growing 
seasons. 
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Appendix 3: 1996 Phytoplankton list. 
Species Bruin Deer Creek Species Bruin Deer Creek 
Actinastrum X X Ooocystis X X 
Actinella X 0 Opephora X a 
Amphipleura 0 X Oscillatoria X X 
Anabaena X X Pandorina X X 
Anacystis X a Pediastrum X X 
Ankistrodesmus X X Peridinum X 0 
Asterionella X X Phacus X X 
Attheya X X Pinnularia X X 
Centritractus X X Planktosphaeria 0 X 
Ceratium X X Pseudotetraedron x a 
Chlamydomonas X X Rhizosolenia X X 
Chlorella X X Rhodomonas 0 X 
Chlorococcum X X Rivularia X 0 
Choroococcus X X Scenedesmus X X 
Chrysococcus X X Schroederia X X 
Closteriopsis X X Selenastrum X X 
Closterium X X Spirogyra X 0 
Crucigenia X X Staurastrum X X 
Cyclotella X X Stauroneis X 0 
Cymbella X X Stephanodiscus X 0 
Diatoma X X Stepha noon X 0 
Diatomella X X Synedra X X 
Dinobryon X X Synura X X 
Elakatothrix X X Tabillaria X X 
Eudorina 0 X Tetradesmus X X 
Euglena X X Tetrahedron X X 
Eunotia X X Tribonema X X 
Fragilaria X X Ulothrix X X 
Gleocystis X X Volvocales X X 
Gymnodinium X X Volvox X X 
Lepocinclis X 0 Zygnema X 0 
Mallomonas X X 
Merismopedia X 0 
Meridian X 0 
Micractinium X 0 x=present 
Micrasterias X 0 o=absent 
Navicula X X 
Nitzchia X X 
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Appendix 3: 1995 Phytoplankton list. 
Species Bruin Deer Creek 
Actinella X 0 
Ankistrodesmus X X 
Asterionella X X 
Attheya X 0 
Centritractus X X 
Ceratium X X 
Cyclotella X X 
Dinobryon X X 
Eunotia X X 
Fragilaria X X 
Lyngbya X 0 
Navicula X 0 
Oscillatoria X 0 
Pediastrum X 0 
Peridinum X 0 
Stephanodiscus X X 
Tabillaria X X 
Tetradesmus X X 
Ulothrix X X 
Volvocales X X 




Appendix 4: Grayson Lake zooplankton lists for the 1995 and 1996 growing seasons. 
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Appendix 4: 1996 Zooplankton list. 
Species Bruin Deer Creek 
Asplanchna X X 
Asplanchnopus X X 
Bosmina X X 
Bosmina longirostris x X 
Brachionus X X 
Calanoid copepod X X 
Cephalodella X X 
Cladoceran X X 
Collembola (order) X X 
Cyclopoid copepod X X 
Daphnia X X 
Daphnia pulex X X 
Daphnia rosea X X 
Dicranophorus 0 X 
Enteroplea X X 
Epiphanes X X 
Euchlanis X X 
Filinia X X 
Hydra X 0 
Keratella X X 
Lecane 0 X 
Leptodora 0 X 
Monostyla X 0 
Napulii X X 
Notommata X X 
Ostracod 0 X 
Philodina X X 
Ploesoma 0 X 
Polyarthra X X 
Proales 0 X 
Simocephalus 0 X 
Synchaeta X X 
Trichocerca X X 




Appendix 4: 1995 Zooplankton list. 
Species Bruin Deer Creek 
Asplanchna X X 
Bosmina X X 
Brachionus X X 
Calanoid copepod X X 
Cephalodella a X 
Conochiloides X X 
Cyclopoid copepod X X 
Daphnia pulex X X 
Daphnia rosea X a 
Enteroplea X X 
Epiphanes X a 
Euchlanis X X 
Filinia X a 
Keratella X X 
Keratella longispina X a 
Napulii X X 
Polyarthra X X 
Synchaeta X X 
Testudinella X X 
Trichocerca X a 
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Appendix 5: List of phytoplankton genera counted at Grayson Lake during the 1995 
growmg season. 
I. Green Algae 
Kingdom Plantae 




Genus Volvox sp. 
Family Oocystaceae 
Genus Ankistrodesmus sp. 
Family Scenedesmaceae 
Genus Tetradesmus sp. 
Family Hydrodictyaceae 
Genus Pediastrum sp. 
Order Ulotrichales 
Family Ulotrichaceae 
Genus Ulothrix sp. 
Order Zygnematales 
Family Zygnemataceae 





Genus Peridinium sp. 
Family Ceratiaceae 
Genus Ceratium sp. 





Genus Centritractus sp. 
Order Ochromomadales 
Family Dinobryaceae 




IV. Bluegreen Algae 
Genus Cyclotella sp. 
Genus Stephanodiscus sp. 
Family Rhizosoleniaceae 
Genus Attheya sp. 
Order Pennales 
Family Fragilariaceae 
Genus Asterionella sp. 
Genus Fragilaria sp. 
Genus Tabellaria sp. 
Family Eunotiaceae 
Genus Actinella sp. 
Genus Eunotia sp. 
Family N aviculaceae 





Genus Oscillatoria sp. 
Genus Lyngbya sp. 
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Appendix 6: Grayson Lake phytoplankton taxonomy for the 1996 growing season. 
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Appendix 6: List of phytoplankton genera counted at Grayson Lake during the 1996 
growing season. 
I. Green Algae 




Genus Chlamydomonas sp. 
Family Volvocaceae 
Genus Eudorina sp. 
Genus Pandorina sp. 
Genus Volvox sp. 
Order Tetrasporales 
Family Gleocystaceae 
Genus Gleocystis sp. 
Order Clorococcales 
Family Chlorococcum 
Genus Chlorococcum sp. 
Genus Planktosphaeria sp. 
Genus Schroederia sp. 
Genus Tetrahedron sp. 
Family Oocystaceae 
Genus Ankistrodesmus sp. 
Genus Chlorella sp. 
Genus Closteriopsis sp. 
Genus Oocystis sp. 
Genus Selenastrum sp. 
Family Micractiniaceae 
Genus Micractinium sp. 
Family Scenedesmaceae 
Genus Crucigenia sp. 
Genus Scenedesmus sp. 
Genus Tetradesmus sp. 
Family Hydrodictyaceae 
Genus Pediastrum sp. 
Family Coccomyxaceae 





Genus Ulothrix sp. 
Order Zygnematales 
Family Zygnemataceae 
Genus Spirogyra sp. 
Genus Zygnema sp. 
Family Desmidaceae 
Genus Closterium sp. 
Genus Micrasterias sp. 
Genus Staurastrum sp. 
Kingdom Plantae 




Genus Euglena sp. 
Genus Lepocinclis sp. 





Genus Gymnodinium sp. 
Family Peridiniaceae 
Genus Peridinium sp. 
Family Ceratiaceae 




V. Golden Algae 
Family Cryptochrysidaceae 





Genus Centritractus sp. 




VI. Bluegreen Algae 
Genus Tribonema sp. 
Order. Ochromomadales 
Family Dinobryaceae 
Genus Dinobryon sp. 
Order Centrales · 
Family Coscinodiscaceae 
Genus Cyclotella sp. 
Genus Stephanodiscus sp. 
Family Rhizosoleniaceae 
Genus Attheya sp. 
Genus Rhizosolenia sp. 
Order Pennales 
Family Fragilariaceae 
Genus Asterionella sp. 
Genus Diatoma sp. 
Genus Fragilaria sp. 
Genus Meridian sp. 
Genus Opehora sp. 
Genus Synedra sp. 
Genus Tabellaria sp. 
Family Eunotiaceae 
Genus Actinel/a sp. 
Genus Eunotia sp. 
Family Naviculaceae 
Genus Amphilpleura sp. 
Genus Diatomel/a sp. 
Genus Navicu/a sp. 
Genus Pinnularia sp. 
Genus Staronesis sp. 
Family Cymbellaceae 
Genus Cymbel/a sp. 
Family Nitzschiaceae 





Genus Anacystis sp. 
Genus Chroococcus sp. 
Ill 
Genus Merismopedia· sp. 
Order Oscillatoriales 
Family Oscillatoriaceae 
Genus Oscillatoria sp. 
Order Nostocales 
Family Nostocaceae · 
Genus Anabaena sp. 
Family Rivulariaceae 
Genus Rivularia sp. 
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Appendix 7: Grayson Lake zooplankton taxonomy for the 1995 growing season. 
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Genus Conochi/oides sp. 
Family Filiniidae 
Genus Filinia sp. 
Family Testudinellidae 





Genus Cephalodella sp. 
Genus Enteroplea sp. 
Family Sychaetidae 
Genus Polyarthra sp. 
Genus Synchaeta sp. 
Family Trichocercidae 
Genus Trichocercidae sp. 
Family Asplanchidae 
Genus Asplanchna sp. 
Family Brachionidae 
Genus Brachionus sp. 
Genus Keratella sp. 
Family Epiphanidae 
Genus Epiphanes sp. 
Family Euchlanidae 









Genus Bosmina sp. 
Family Daphinidae 
Genus Daphnia sp. 
Class Copepoda 
Family Cyclopidae 
Genus Cyclops sp. 
Family Diaptomidae 
Genus Diaptomus sp. 
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Appendix 8: Grayson Lake zooplankton taxonomy for the 1996 growing season. 
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Genus Conochiloides sp. 
Family Filiniidae 
Genus Ft/111ia sp. 
Family Testudinellidae 





Genus D1cra11ophorus sp. 
Family Notommatidae 
Genus Cephalode/la sp. 
Genus l-.,11/eroplea sp. 
Genus Notommata sp. 
Family Sychaetidae 
Genus Polyarthra :,,p. 
Genus Ploesoma sp. 
Genus Synchaeta sp. 
Family Trichocercidae 
Genus li-ichocercidae sp. 
Family Asplanchidae 
11 7 
Genus Asplanchna sp. 
Genus Aspla11ch11op11s sp. 
III. Crustaceans 
Family Brachionidae 
Genus Brachionus sp. 
Genus Keraiella sp. 
Family Epiphanidae 
Genus Epiphanes sp. 
Family Euchlanidae 
Genus Euchlanis sp. 
Family Lecanidae 
Genus Lecane sp. 
Family Proalidae 








Genus Bosmina sp. 
Family Daphinidae 
Genus Daphnia sp. 
Genus Simocephalus sp. 
Family Leptodoridae 
Genus Leptodora sp. 
Class Copepoda 
Family Cyclopidae 
Genus Cyclops sp. 
Family Diaptomidae 
Genus Diaptomus sp. 
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